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ABSTRACT 
In t h i s work the reactions "between various phosphorus ( i l l ) 
species and dimethyl chloramine have been studied. In a l l cases the 
phosphorous ( i l l ) species were oxidised to phosphorus ( V ) , i n most 
cases by chloramination, that is by the addi t ion of the dimethylamino 
group to the phosphorus producing a phosphonium cation w i t h ch lor ide 
as the anion. 
Me0NCl + PX, , Me„NPX * Cl~ 
This react ion occurred i n the cases of MegNPClg, (MSgTOgFCl, 
(CgH^O)^?, Me 2N(C 6H 5)PClj (CgH^FCM Cg^PClg although i n the l a t t e r 
two cases the sa l t was too unstable to be i so la ted as the chlor ide but 
the systems could be stabalised as the tetrachloroborate or 
hexachlorcantirnonatesalts. I t is l i k e l y that dimethylchloramine 
chioraminated t r i m e t h y l phosphite to give a s imi l a r species, but t h i s 
decomposed quickly giving chloromethane and Me^NPCKOMe)2« 
I n the case .of (MegN^P ch lo r ina t ion occurred g iv ing ("e^O^PC^ 
and (Me 2 N) 2 . Phosphorus t r i c h l o r i d e seemed to be an intermediate case, 
as, i n the presence of excess phosphorus t r i c h l o r i d e the f o l l o w i n g 
react ion occurred:-
A-PC13 + 3 ^ 2 ! ^ 1 ^ !^e2riPCl4 + Me 2NFCl 3PGl 6 + fe^'Klg 
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CHAPTER Q;\a 
INTRODUCTION. 
In t roduct ion 1 
The chemistry o f . N halamines i s a very broad area which has 
a t t rac ted considerable a t t en t ion since the coverage of some sides of 
0 ) (2) 
inorganic chemistry by MeHor and Ggielin, when they t reated the subject 
of halogen der ivat ives of n i t rogen . Later, because of the halamines 
(3) 
i n water p u r i f i c a t i o n , Ber l iner wrote about the chloroder ivat ive*of 
(4) 
ammonia w i t h the emphasis on chloramine. Snelders has reviewed the 
discovery and ear ly chemistry of ni trogen t r i c h l o r i d e . A more recent 
(5) (6) 
review had been achieved by Drago, Colton and Jones, Theilaker and 
(7) 
V/egner on the chemistry of chloramine which is probably the best 
desc r ibe N-halamine in the l i t e r a tu re . , The uses of N-h?.lamines A P. 
Drecursors fo r the preoaration of various classes of organic compound 
" (S). 
vas compiled by Schmitz. An extensive survey of Kofmann-Loffer reactions 
(9) 
was represented by '.VolfP, aT.*terward3 a comprehensive work, of the 
(10) ' 
chemistry of Pi-halaraines has been undertaken by Kovacic. 
(10a) 
Some halaaines are very tox ic materials and some are explosive', 
e.g. ni trogen t r i c h l o r i d e v/hich is notor iously unstable. I t was used 
as a bleaching agent f o r f l o u r u n t i l i t s bad e f f e c t on the a c t i v i t i e s 
(11) 
of the body funct ions was rea l i sed . The explosion hazards of ni trogen 
t r i c h l o r i d e has been recognised since the serious i n j u r y caused to one 
of the ear ly inves t iga tors . Generally the explosion hazard i s el iminated 
or great ly diminshed when an ine r t solvent i s employed. 
The chemical reactions of halamines can be t y p i f i e d in to VI" types« 
1 - rearrangement, 2 - dehydrohalogenation, 3 - dea lky la t ion , 
4 - pho to lys i s , 5 - halogenation agent, 6 - aminating agent. 
1 - Rearrangement: 
The Hofmann-Loffer react ion i s the best known reaction by which 
N-halamines provide the synthesis of ce r t a in cyc l i c amines. A 
(9) 
comprehensive review bv Wolff covers the l i t e r a t u r e through -the f i r s t 
2 
ha l f of 1961. The mechanism of the react ion i s i l l u s t r a t e d by the 
f o l l o w i n g equation: 
H„C - CH„ H.C - CH_ 
H 3 C / C H 2 ~^HCT* H 2 G \ / K 2 
V 
Ci R R 
( I ) ( I I ) 
V ' N / H 2 * ¥ + / H 2 — ^ H3C / C H 2 * 
C l / R C t ^ H j - H 
R K 
( I I I ) • (VI) (V) 
'H2<f 1*2 H + M - T H 2 M"?^ 
2" / l I 2 4"9' -'2/ / "2 -no-l „ "id v / 2 + HG1 
R 
The sa l t of the K-ohloraraine is homolyt ica l ly cleaved under the influence 
of heat, l i g h t or some other i n i t i a t o r to a f f o r d aminium r a d i c a l s ( l l ) . 
This r a d i c a l i n tu rn intraraolecularly abstracts a . s t e r i c a l l y favoured 
hydrogen to form an al2<yl r ad ica l ( i l l ) which i n chain react ion abstracts 
chlor ine in termolecular ly ( I V ) . The a l k y l chlor ide i s then converted by 
a l k a l i to the cyc l ic t e r t i a r y amine ( y ) . 
Further invest igat ions of the mechanism of t h i s react ion showed 
in t e r e s t i ng r e su l t s , l i k e the i s o l a t i o n of 4-ohlorodibutylamine from 
K-chlorodibutylamir.e, and served to support the proposal. The postulated 
scheme was also supported by the resul ts of examining several features 
inc lud ing stereochemistry, hydrogen isotope e f f e c t , i n i t i a t i o n , i n h i b i t i o n , 
c a t a l y s i s , intermediates and s e l e c t i v i t y of hydrogen t r ans fe r . 
The discovery of the rearrangement of N,K-dichloro-sec-alkylamines 
to oc-amino keteones, provides another d i f f e r e n t type of rearrangement 
and a use fu l synthetic scheme. This rearrangement received the a t t en t ion 
of a number of invest igators so f u r t h e r studies broadened the scope and 
produced an improved procedure. N-h'alamine substrate was successively 
••reacted wi th sodium methoxide and w i t h d i l u t e hydrochloric ac idr -
R CE^ C H R -HC1 > R C H c R -HCy R r^^Cim 
NCI 2 2rfci 
H 
I + N v N N H_ Cl 
B * CH,0H / \ l 3 R - H - CR 3 J R CH - C - R HC1 R c H C R 
0<H3 H 2 ° 0 ' 
Several pieces of evidence were provided to support the postulated 
mechanism, e.g. the i s o l a t i o n of N-chlorinline R CHg C(=NCi)R which was 
converted to the cL-amino Ket^n l i An excellent mechanistic study of the 
XCibE-^JS-d bccSS ( I ) confirmed the o r i g i n a l proposal* Exposure to the 
standard conditions resul ted in the formation of desylamine,. The 
app l ica t ion of two degradation procedures to the product provided 
unequivocal evidence that the labe l led carbon atom was incorporated 
almost ex lus ive ly i n the carbonyl group. 
K 1 2 K C l 0CH 
* :t 3 
C/HCCH - C r K NaOMe. C -H CH - C C„H 
6 5 y 6 5 H 7 - 6 5 v r / 6 5 
H 
° . G H 3 H 0 
C H CH - C - C,H_ HC1 , C„H r C -C - C,KC 
t> 5 \ / 6 5 ~~u~C)— 6 5 I v 6 5 
K n2v ™ 
H 
The S t i e g l i t z rearrangement has received a t t en t ion during a period of 
time extended to f i f t y year3 . The react ion involved the formation of 
nitrenes, ' f o r examole during the rearrangement of N- halo and" 
(19,20) 
N, N„ dihalotr i ty lamineso Benjophenone a n i l was observed from the 
•thermal rean-angement of N,N-dichjXJrot.ritylamine. 
( C 6 R 5 ) 5 C N C l 2 A _ > ( C 6 H 5 ) 2 C = N C 6 H 5 
or from the treatment of the N-bromo der iva t ive w i t h base 
( C 6 H 5 ) 3 C N B r 2 Base ? ( C 6 H 5 ) 2 C = K C 6 H 5 
Another app l ica t ion of the S t i e g l i t z method was the synthesis of subst i tuted 
phenanthridines. The S t i e g l i t z method caused rearrangement of various 
(21) 
N-ha lo -9 - a ry l - and - a l k y l - 9 - "Fluorylamines. 
N H CI 
R = CH^ GgX -naphtjhyl 
r 
= KR 
The causes of t h i s rearrangement are c l e a r l y the r e l i e f of s t r a i n i n the 
five-msmbered r i n g and the energy gained through extended conjugat ion, 
A recent inves t iga t ion showed that i t is possible to synthesise 
a c y c l i c inline from the in te rac t ion of N-chloro-1-msthyl-cyclopentylamin.e 
(22) 
w i t h e t h y l l i t h i u m 0 
NHC1 
L i C 2 H 5 
o CH, 
5 
A ni t rene intermediate v:as proposed i n the formation of 1,1-diphenylmeth-
(23) 
ylenimine from the treatment of diphenylketene w i t h ni t rogen t r i c h l o r i d e c 
( C 6 H 5 ) 2 C = C = 0 + N C l 3 _ v ( C 6 H 5 ) 2 C - C = 0 
Cl i i c i 2 
-5» 
[ ( C 6 H 5 ) 2 C - C = 0] . ( C 6 H 5 ) 2 C - N = C = 0 
H 20 
-CO 
Cl N Cl 2 
[ ( C 6 H 5 ) 2 C - NH2] ^ ( C 6 H 5 ) 2 C = N H 
An in t e re s t ing study showed that N-choroketiraines react v/ i th s i l v e r 
(24) 
t e t ra f luorobora te i n aaueous dioxane to produce amides by rearrangement, 
•s 0 - , R C 0 N H R 
R R C = N Ci AgBf; R C = N R I B P . I - < . t , 
4- .. !- J I . 4 J --^? 10,1-. 
=Aicl~* -'c 
The n i t r i l i u m i o n , postulated as an intermediate;was trapped w i t h sodium 
ethoxide i n aprot ic so lven t„ The rate of the reaotion was found to be 
increased w i t h increasing solvent p o l a r i t y . Considering R = C^K. 
b o 
benzanilide was formed i n y ie lds of 63-70%. 
2 - Deh.ydrohalogenat ion 
Several N-chloramines have been subjected to dehydrohalogenation 
agents and i t was found tha t i f the dehydrohalogenation i s fo l lowed by 
hydrolysis (as i s generally the case) i t gives r i s e to carbonyl compounds. 
This method i s i l l u s t r a t e d by the conversion of N-chloroderivat ive of 
(26) 
3 £ - acetoxy - 20 - amino - 5 pregnene to 5 pregnenolone. 
6 
J ^ 
S - C H N H CI 
CHj 
R ~ C = K H 
where R = 
-HC1 
H 20 
R - C = NH 
R - C = 0 
Aldehydes also can be formed fromt?<~aminc3cids and the f o l l o w i n g 
(27) 
mechanism i s consistent 7 / i t h the o r i g i n a l nrooosal of Langheld. 
R C H C0oH I 2 
unci 
-HCI R C H = II H 
-CO, 
R C H = N H H 20 H C H O + N H , 
I t i s known that acetone and amonia are generated by the hydrolysis of 
N-chloroiso?ropylimine and that t h i s occurred probably through the 
intermediary isopropylimine 
( C K , ) 2 CHNHC1 - HCI a 
(CH 3 ) 2 C = NH H 20 
(CH 3) 2C = NH 
(CH3)2C=0+NH 
Acetone and chloraraine are formed v/hen the product of the treatment of 
(28) 
N, N-dichloroisopropylimine w i t h aluminium chlor ide i s hydrolysed. 
A1CJ (CH 3 ) 2 CHNClg 
( C r i 3 ) 2 C = NCI 
-HCI 
H 20 
(CH 3 ) 2 C = NCI. 
(CH 3 ) 2 CO + IiH 2 Cl 
7 
N i t r i l e s are formed from ald-chlorimines of the type shown by the 
(29,30) 
f o l l o w i n g equation (by thermal decomposition or exposure to base) 
R CH = NCI -HC1 R C = N. 
and, N,N dihalamines containing at least /} carbon atoms produce n i t r i l e s 
when t reated w i t h caesium f l u o r i d e . 
R CH0NC1_ CsP „ R C = N. 
2 i. * 
N,N - dichloro-n-butylamine gave the n i t r i l e i n 90#> y i e l d * 
3 D e a l k y l a t i o n 3 : • 
The deal1 .Vr.-lat ion of N-hailoallcylamines i n acidic medi?. i s not. reported 
i n many papers i n the l i t e r a t u r e , but i n an inves t iga t ion of the 
Koffmann-Loff ler r eac t ion , non-radical dispro-oortionation of ('l-Bu) 
(32) 2 
NCI to N-BuNClg was observed in the presence of sulphuric ac id . The 
indicated ou t l ine of the react ion pathway i s presented i n the f o l l o w i n g 
equations 
BUgNHCl + H 20 BuNHCl + + C^ Fragment. 
BuNHCl + H + BuNHgCl 
BuNHCl + Bu NHC1 3uNCl2 + Bu felg 
4 Photolysis : -
The photochemistry of N - halamines has not been studied 
extensively and was concerned wi th the simple molecules such as 
chloramine and ni t rogen t r i c h l o r i d e . The photolysis of chloramine 
at -190° w i t h u l t r a v i o l e t l i g h t generates NH, (Nitrogen monohyirile) j 
and NH was proposed as an intermediate i n the thermal decomposition of 
NHgCl at 500° i n the presence of carbon monoxide. Hydrogen cyanate is 
produced as the end product. Organic solvent can be chlor inated by 
8 
ni t rogen t r i c h l o r i d e i f the l a t t e r is exposed to l i g h t . In carbon 
- (34) 
t e t r ach lo r ide the decomposition was of a simple!type; f i r s t order w i th 
an energy of a c t i va t i on of 32 ' f<cal , g iv ing r i se to ni trogen and 
(35) 
ch lo r ine . In the presence of an a lcohol , the corresponding carbonyl 
(34) 
compound was formed along w i t h ammonium chloride and hydrogen cloride, . 
An extensive study of the photodecomposition of ni t rogen t r i c h l o r i d e 
i n the presence of chlor ine established that chlor ine was act ing as a 
photosensit izer and the chain mechanism is i l l u s t r a t e d by the f o l l o w i n g 
equations which are of zero order : -
C l 2 + hv ^ 2 CI 
NCI, + CI NC1_ + C l 0 
j> ? Z <£ 
NClj + NClg ^ Ng + 2C1 2 + CI 
CI + MClj + X -» FCl^ + X 
2 NC14 ^ N 2 + 4C1 2 
5 Halogenation Agents 
N-halaraines have been used as halogenation agents f o r a l i pha t i c and 
aromatic compounds. Alkar.es as w e l l as esters , a l k y l ha l ides , and 
ethers were found susceptible to f a c i l e ch lo r ina t i on (37,38,39) Q r 
bromination ^ , ; + 0 \ v i t h (CH^^NX (where X = CI or Br) i n the presence 
of sulphuric a c i d , usual ly w i t h F e ( l l ) or l i g h t as the i n i t i a t o r . The 
proposed mechanism is essent ia l ly the same as f o r the Hoffmann L o f f e r 
r eac t ion , except that the amine r a d i c a l cat ion (CU^)^^ abstracts a "'• 
hydrogen atom intermolecular ly from an alkane, forming the 
dimethylammonium cat ion and the r ad i ca l R. In comparison to the Hoffmann 
L o f f e r reaction the aminium rad ica l cat ion abstracts a hydrogen atom 
intraraolecular ly . 
(33) 
The suggested mechanism is postulated i n the fo l lowing-equa t ion : -
9 
(CH ) NHX t^(r'-L> (CH 7)_ NH 
(CH,) NH + R H .. (CH,)„ NH„ + R. 
The generated r a d i c a l in teracts w i t h the protonated dimethylchloramine 
to form an a l k y l hal ide and dimethylamine r ad i ca l ca t ion : 
R. + (CH 3 ) 2 N HCI ^ RC1 + (CH 3 ) 2 N + H 
Another study suggested that halogenation proceeded v ia the chlor ine 
atom as the chain-propagation species, shown "by the f o l l o w i n g equations:-
X. + RH HX + R1 
— o» 
RgNHX + HX ^ X 2 + R 2f f cH 2 
R. + X 2 ^ RX + X. 
This hypothesis was based on the isomer d i s t r i b u t i o n from various metal-
i o n - i n i t i a t e d ch lor ina t ions by various chloramines. Also the o r i en ta t ion 
v/as s imi la r to that obtained from photoohlorinat ion i n which the chlor ine 
atom i n chain propagation was involved. 
A more recent study supports the o r i g i n a l mechanism and shows 
tha t the ch lo r ina t ion process takes place by a r a d i c a l chain process, 
i n which arainium radicals are the p r i n c i p a l hydrogen abstract ing species, 
rather than considering the chlor ine atom as the chain-propagation 
species. This evidence was achieved by Spanswiok and lingo I d through the 
inves t iga t ion of N-halamine halogenation of 1 - chlorobutane i n sulphuric 
acid - acetic ac id . I t was proved that a concurrent chlorine atom process 
could occur r e s u l t i n g from impuri t ies i n the N - halamine (molecular 
c h l o r i n e , hydrogen ch lo r ide ; or chlor ide i o n ) . 
Benzrylic ch lo r i na t i on occurs when r i n g subst i tu ted toluenes are 
exposed to N-chloropiperidine i n sulphuric acid-acet ic acid under 
pho to ly t i c condi t ions . 
10 
N-halamines have been reported as halogenation agentg for olefins 
e.g. olefins combine with nitrogen trichloride to giveyB-chloroamines in 
0*4,23) 
low yie ld and unspecified amounts of dichloride.. In more recent work 
nitrogen trichloride has been shown to provide a simple means for the 
preparation of vicdichlorides in a very rich yie ld from certain types of 
olefins as shown by the following equations:-
3RCH~CH 0 + 2 T J C L , 3 3 CHClCfLCl + N_ 
2 3 ^ ^ ^ 
Acetylenes undergo chlorination v/ith nitrogen trichloride to give 
(46) 
vicdichj.oroalkenes preuominantly. 
The interaction of N-chloraniines and different types of al iphatic 
amines shows some interesting results since the interaction with primary 
and secondary amines occurs merely via an sxch&nge r-eacsticn (H and X) . 
In the CS.S2 or' ter t iary ariir.as tiiere is some doubt. In the aromatic 
category" the nuclear chlorination occurs as well as a side chain attack, 
(50,51,52) 
as in the case of benzene and toluene with nitrogen tr ichloride . 
Broraobenzene is formed from the reaction between benzene and 
N-broicodimethylamine and aluminium chloride:-
1 AlCl^ 
OJ + (CH )2N3r " ( o | Br 
(54) 
Phenol produces chlorophenol i f i t i s treated with N-chlorodiethylarame 
. Kt . . . (55) or with N - chloromorpnolm:-
OH 
o i * 
or 
-5* 
11 
As in the already mentioned case protonated N-chloromorpholine i s 
reported to be the actual agent involved,, 
6. Aminating Agent 
N-halamines as aminating agents were found to react with several 
species of chemical compounds. One of the early experiments in this 
f i e l d was the amination of methylcyclohexane "by nitrogen trichloride and 
(56,57) ' , 
aluminium chloride to produce 1 -amino-1-methylcyclohexane (yield 70~80?o), 
From the pract ical point of view i t was important to add nitrogen 
trichloride to a mixture of methyl cyclohexane and aluminium chloride 
(10a) 
in tne mrlar ratio 1 : 2 : 2 ; the reaction Is shown aj in the fol lowi. i 0 
s CJU C"t i o n s * ~ 
6 
C 1 ( G 1 0 K A 1 C 1 , ) 1-K + A 1 C Cl.N .3 
CP I 
O CR-CM C 3 3 
CH a o NCI 
As shown in the equation above, C I ' affected the hydride ion abstraction, 
then ftucleophiiic attack occurred oy the uiuhlor&iiiide ion, followed by 
exchange reaction generating the product 1-amino-1-methylcyclohexane. 
Although the exact nature of the nitrogenous nucleophile is not known, 
isolation of N,K-dichiorocyclohexylamine from cyclohexane and 
K,N-dichloro-l-adamantylamine from adamantane suggests involvement 
of the dichloroamide ion. A similar reaction of nitrogen -
trichlordrfe-aluminium chloride and a Iky I halides produces primary7 and 
12 
(60,61) 
secondary amines and aziridines; depending upon the substrate ufseoL 
An example of this is the reaction between t -butylchloride and nitrogen 
trichloride - aluminium chloride; t-butylamine is produced in a SOfo 
yie ld after the reduction of N,K-d"Trchloro t-butylamine which has been 
(60) 
isolated. 
(CH 3) 3CC1 TO12- » (CH 3) 3CNC1 2 ^ ) c m 
- C l + 
The reactions between Grignard reagents and various N-halamines produce 
amines. The kind of amines produced either primary, secondary or 
tert iary depends on both the Grignard reagent and the N-halamine chosen. 
For example Tl-but^47rrignard reagent and different types of N-halamine 
(62.63.6U 
NH0X(X=Cl,Br) produce primary amines, I'^ HBr^  and nitrogen trichloride produc 
primary and secondary amines, v/hsn CHy'Clg Is treated with (n-C^K^)--
Hg X i t yields primary, secondary and tert iary amines. 
N-chiorodialkylamines provide secondary and tert iary amines, 
N-chloroalkylaniines give primary and secondary amines. . 
The greatest amount of primary amine produced, near SC^ o, occurs when 
dialkylraagnssium compounds are treated with chloramine. Phenyl Grignard 
reagents give low yields of amine. On attempting the reaction of phenyl 
magnesium bromide with several N-chlorcdialkylaraines, for example 
dimethyl and diethyl-chloramine, no aniline derivatives were obtained:-
MgBr CI 
+ CC-H \.NC1 I I + fC„fO„N K*Br 
" z s z ^ j ^ ^ ^ j • z o'^ 
I t i s found that the size of yield of amine dsrived from Rf.'gX with 
variation i s X is Cl>Br>I for a given N-halamine which may be a 
reflection of steric factors and the carbonionic character of R. The 
formation of amines presumably involves the halogen on the amine leaving 
as a negative entity through S^ .2 attack. The following two^equations 
• , ' (62^ 
were presented by Coleman and Hauser;-
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RMgX + m2Cl ^ RMHg + MgXCl 
RMgX + NHgCl ^ HC1 + HgXKHg 
The difference in the value-of t h e y i e l d of the primary amine when the 
N-halo-atom is changed was rationalised. Substitution of "bromine for 
chlorine in monohalamine decreases the basicity of the nitrogen thereby 
discouraging the nucleophilic attack at that s i te . The absence of aniline 
derivatives v/hen a phenyl Gringnard reagent i s treated with 
dialkylchloramines i s apparently due to steric factors and to the 
inductive effect of the a lky l substituents. I f we return back to the 
previous two equations 7:e can notice during the generation of amine that 
the halogen in the N-halamines is of a dual nature, exhibiting either 
anionic or a cationic character, whereas v/hen the aikyl halide i s obtained 
the amino-grou? is displaced. Both reactions occur together since 
ammonia production was found to increase with the decrease of the amine 
formation. Primary amine i s formed from the reaction between 
organometallic compounds e.g. organo-lithium or organozinc compounds 
with N-halamines:-
RM + NHgCl ^ RNH2 + MCI 
where U = L i , Z n . 
The treatment of zinc a lkyl with nitrogen trichloride generates primary 
(70) 
and secondary amuies whilst with dialkylhalamines hydrazine and tert iary 
amine formation occurs with alkyl potassium complexes:-
[ ( C H ^ C H ] K + | ( C H ^ 2 C H ] 2 N C 1 ? [ ( C H 3 ) 2 C I ^ N 
[ ( C H 3 ) 2 C H ] 2 N N [ ( C H 3 ) 2 C H ] 2 
I t has been found that the yields {yf* amine and 4.5$ hydrazine) are low. 
The reaction of N-halamines with various unsaturated compounds 
such as: olef ins , acetylenes ^ B - u n saturated ketones acids, and ketenes, 
involves addition to the double bond. 
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Coleman and co-workers made an extensive study of the reaction of 
0.4,71,23) 
nitrogen trichloride with carbon-carbon double bonds. I t was.found that 
nitrogen trichloride added a molecule of chlorine to the following 
o le f ins : - 1 - and 2 - butene, ethylene, propylene, 2-pentene, 
isobutylene and cyclohexene. The' products were J?-chloroalkylamines which 
apparentl}' were derived from the corresponding N,H-dichloro derivatives 
as the primary adducts. Treatment -with concentrated hydrochloric acid 
effected the conversion to amino sa l t . Markovnikov's rule concerning 
unsymmetrical olefins was followed by chlorine being added to the least 
substituted carbon atom and by nitrogen becoming affixed to the other 
position. 
Other work—has been carried out on the addition of halamines to 
olefins by means of radical intermediates. The photochemical addition 
of chloramine tc cvclchexene results in the production of t r s n s - 2 -
( 7 2 ) 
chlorocylcohexylamine (6s-) and of neutral products. The following 
mechanism was postulated 
# 
Gi . + / \ ^ / \ CI * 2 . 
The radical addition of K-chlorodialkvlamines was found to occur with 
(73) 
terminal olefins in a sulphuric acid-acetic acid medium: two competing 
reactions are involved:-
h' SO 
^ H + C I . 
c HOAc 
. + 
Then a f ree»rad ica l addition of the ion radical Ti^bi H happened to one 
terminal olefin in a chain process as follows:-
1R - * ' R -.+ . ... .+ ._.. I R„N+HC'l , I 
'2 C, Cii 2 = v R2N H ^ RgNHCH;, V" R^.HCHj, C CI-
X 
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The other reaction proceeds via anionic chlorine attack. 
H H 
> i + I +• l 
c — C - C - CI C 1 C - C - C -I t » *• » •» I 
H 
(where X = F , C l , B r f S i ( C H 3 ) 3 ) • 
I t i s of interest to note that the aminium radical displayed l i t t l e 
tendency to participate in the intermolecular hydrogen abstraction 
reaction. 
R.S, Neale found that alJenes undergo 1 ,2-radical addition with 
N-chlorodialkylamines in a sulphuric acid-acetic acid mediun. Aminium 
radical attack results in nitrogen becoming affixed to the least 
substituted carbon aton, e.g. the reactions between N-diethylchloramine 
and allene produced 2 -chloroallylamines as shown in the following 
ec (74.75) iduation: 
( C 2 H 5 ) 2 NCI + CH2 = C = CH2 (C 2 H5''2 N C H 2 f = C H 2 
CI 
When R.So Neale treated acetylenes with N-chloramines in some acidic media 
— u-. v , * (7^,75) 
oC-cblorc-carbonyl compounds were generates.. One mechanistic poss ib i l i ty 
entails the formation of an emamine via the participations of the aminium 
radical (the emamine not having been isolated):-
R_NC1 + H C 5 CR H* fH0N - C = C - Cl] ^2° 0 = C - CHC1 
R R R R 
where R= E t , R = H, R = n-C- K 
k- 9 
R = R = R ' = Et (59%) 
R= E t , R = H, R =..(CHj) C (60$) 
A recent work on the amination of aromatic compounds with the 
N-halamines was achieved by three groups:- Bock and Kompa, Minisci and 
CD~workera, and Koracic and co-workers. 
16 
Nuclearamirjation with the N-chlorodialkjrlamines has been 
investigated extensively by three principal techniques:-
1 ) Us ing 9G% sulphuric acid 
I t was found that N-cblorodimethylamine and phenyl derivatives produced 
N,N-dimethylarylamines in a yield of 2 0 - 8 0 9 = generally shown by the 
(79) 
following equation:-
Z 
+ C 11*1*2 I O J^ R2N + HCl 
In the case of toluene the distribution of the product was orthormeta: 
para = 9 : 53 : 3 8 - N o t i f i c a t i o n of the high meta content was shown. 
Two poss ib i l i t ies were suggested for the aminating species depending 
upon the sight of—protonation as shown by the two following equations:-
1 ) R2NC1+H R N + + HCl 
or 
2) R2N CI 
H 
Rgfi'H + c r 
* RgMH + C l + 
2) Photolysis 
A mixture of N-chlorodialkylamine, cold sulphuric acid and toluene gave 
nuclear amination products in almost the same y ie ld as for the thermal 
decomposition of the same mixture» The orientation ortho:meta:para = 
9 : 53 : 38 from the two routes suggests that the same reaction 
pathway i s involved. Neither the formation of the chlorine nor the 
side-chain halogenation was noted. The same isomer distribution was 
obtained from the amination of toluene with N-chlorodimethylamine in a 
redox system, RgN H was proposed to be the attacking species,, 
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3) Using excess of aluminium chloride and nitroalkanesolventr 
The third method of nuclear amination involved N-chlorodialkyiainine, 
(78) 
excess aluminium chloride, toluene and nitroalkane solvent. I t was found 
that there was a difference-in the orientation, an increase in the para 
isomer (at the expense of meta:). The orientation was ortho:meta: para = 
14: 27: 59 which could be compared with the almost equal o- and p- content 
of the result of amination of toluene with amino sulphuric acid, 
(NHpOSO^H ).V/ith NCI.,, A1C1, as an aminating system 100^ m-toluidene was 
(81 "J (82} 
formed, and with other a lky l arenes similar orientation was found. 
With N,N-dialkyl halamines although m-isomer was noted, the high 
m-orientated yields with NCl^ were not reproduced* The decrease in the 
m-orientated product y ie ld was attributed to electrophilic amination or 
free radical reactions, competing with the o- substitution reaction. 
The reaction of aldehydes and ketoneswith chloramines is an 
interesting pract ical work, since the ald-chlorimines are merely an 
example of the Schiff base reaction:— 
H 
RCHO + KK_C1 R C K H CI. __ . ~ H 2 ° ^. . RCH = NCI 
Z 9- | > 
OH 
(84) 
On reduction RCK = NCI produce RCR^NR *^ Keto-chlorimines are 
prepared via the amination of the ketonic compound by NHgCl. The 
Keto-chlorimines formed generate primary amine by reduction:-
RCH = 0 + NH CI " H 2 ° RCH = KC1 CH"I . RCHgNHg.HCl 
Keto-chlorimines are also prepared by the action of chlorine or 
a lkyl hypochlorites on the compounds of the type RRC = IWgX as follows:-
RRC = NT/gX C 1 2 O I L R R C = NCI 
R 0C1 
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f 8 6 ) 
A review by Drago'showed that hydrazines can be synthesised via 
the reaction of chloramine with amines as the following equations show?-
NH0C1 + 2 Nh\. -•• KH0 - NH0 + EH. CI 2 3 r-*= 2-. d 1+ 
NH„C1 + 2 R NH0 RNHNH0 + RKH, CI d. d >• d y 
MHgCl + 2 R2NH ^ R^ NTfflg + RgNHgCl 
NHgCl + RjN _^ R T^TI H*C1 
Schiff bases react with chloramine dissolved in ether to generate 
diaziridines which are cleaved by dilute acid to produce alkylhydrazine 
and an aldehyde:- H 
C 6 H 1 3 CH = N C ^ + m 2 C l ^ C 6H 3 CH - N C ^ 
H20 
C 6H 1 3CH0 + C^NHNHg 
The reactions between formaldehyde in 2 K sodium hydroxide 
solution and the alkylamines with hypochlorite produce Diazir idines:-
CI 
. I-IHS. K - R 
/ • " / 
CH 0 + 2 RKH -H 20 ... H_ C 0C1 w C 
2 \ ~~~ 2 \ 
KRR N ~ R 
f H CI 
I 
N - R N - R 
/ 
H 2 C - H C l , K 2 C ^ 
N - R F - R 
(88) 
A gaseous mixture of ammonia and chloramine with 1,1-dialkyl hydrazine 
generated triazanium as i l lustrated by the following equation:-
RgNKHg + KHgCl ; |H„r?NR„MU CI [ H g J J K R ^ 
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( 8 9 ) 
a_ hydrazine derivative:-
Chloraraine reacts with 2 - pyridone in the presence of a base to form 
II X 
base 
A mixture of formaldehyde oxime and chloramine generated diazomethane in 
a sequence of -steps commencing with the nucleophilic displacement taking 
place on the nitrogen of the chloramine:-
OK 
i 
R„C = NOH + I'-iK C 1 - C I . R_C = ?!T!Hn 
• ' ' + C-
OH 
I - F 0 
RnC = K NK„ 1 ' 2 p C = K 2 • + 2 ——.—s- " 2 " 2 
The reaction of N-halamines with sulphur compounds is not an extensive 
study in the l i terature . The most coT.mon process appears to be nucleophilic 
substitution on halamine nitrogen by the sulphur compounds e.g. The 
reacbion of N-monochloro derivatives of orimary amines with metal 
( 9 0 ' ( 9 2 ) 
mercaptides. This generates sulphinetriazine as a new ring compound:-
N H N % " / / \ C^HC  NHX +• iv'SH - R-S ' C - C.H C 6 5 — — — > i | | 6 5 
' V N 
i 
C -H 
J6'-5 
(93) 
Recent work shov/s that dialkyl sulphilimine hydrochloride 
precipitates when dialkyl sulphides are treated with chloramine in 
ether solution:-
R 2 3 + rrrigX * [ R 2 S I M 2 ] + X " 
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In alcoholic solvent sunhides react with chloraraine and generate the 
, (94) , hydrocloride of ois (iminodialkyl su l f i l imine) : -
2 R 2 S + 4 NHgCl > [(RgSNHNH) ] HG1 + 3HC1. 
Nitrogen trichloride reacts with diphenylthioether to generate bis 
(95) 
(diphenylsulphide) nitride tr ich lor ide: -
( C 6 H 5 ) £ + N C 1 3 ^ [ ( C 6 H 5 ) 2 S N 3 ( C 6 H 5 ) 2 ] + C i ; 
In a buffered aqueous solution a new type of N-halo compound 
(.N,N-dihalogsno-S .^-dimethyl sulphur diimide) was nrspared by 
halogenation of dimethyl sulphur diimide:-
C H 
j n 3 N H C H 3 i rX 
/ % ' —"* / X 
C H , N H C H , V N V 3 3 X 
With phosphines and sulphides:-
R 3 ? + * — * I R 3 P N = S = N k l 2 X 
C H , ' N V C H , 3 X :> 
V + S | R 2 S N = S = N S R 9 | 2 X 
C H 3 N X ^ _ 
These compounds underwent nucleophilic substitution,. Bock and 
Komoa generated various amino thiooyanates according to the following 
(97) 
equation:-
RNC1- + 2 N H . SCM _ R N ( S C N ) . , + 2NH. C I _ . 
<L 1+ d. 1+ 
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(99,100) 
The chlora.nination of arsenic compounds with chloramine and (CR^^NCI 
was reported. The follov/ing equations show the reactions between 
, \ (101) 
NH2C1, (CH^JgKGi and arsines containing As - H bonds:-
AsH, + NH_01 ^ As + NH. 01 •) £ ^ 
AsH^ + ( C H 3 ) 2 MCI ^ As + ( C H ^ NHgCl 
CH,AsH0 + NrLCl ^ (CH zAs) c + NH CI 
j «- £ ^ D O h-
CH,AsH. + (CH,) 0 NCI (CH,As) c + (CK,)0?JH0C1 D d D d & D O 3 £. /L 
(CF. ).,SsH + NH._C1 ^ (CH,) 0As . As(CH.) 0 + NH CI 
J C. C. — -> J d J <£ if 
( C H J 2 ASH + (CH3)2NC1 _ ^ ( C H ^ + ( c n , m Q 1 
The halarnine abstracts the hydrogen from As-K bonds, 
Diphenylarsine and triphenylarsine reacts with chloramine to give aminoar-
sonium chlorides e.g:-
( C 6 H 5 ) 3 As B C 6 V 3 A S N K 2 ] 0 1 
Various substituted stibines combine with chloramine to produce compounds 
of the type ^?^Sb(Cl)] 2 NHas shown below.'-
R3Sb + NH2C1 ^ R 3Sb(NII 2) CI 
2 R 3Sb(NH 2)Cl ^ [ R 3 S b ( C l ) j g NH + NH^  
Phosphorus compounds and N-halamines combine in a variety of ways,, 
When an ary l phosphite i s treated with N-chlorodialkylamine an 
addition compound is generated:-
(CgH 50) 3 P + Et 2 NCl ^ ( C 6 H 5 0 ) 3 P(N3t 2) C I . 
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An a lkyl phosnlvite reacts further: 
(StO)^ P + EtgNCl > Et 2 MP0(0Et) 2 + BtCl 
Trisubstituted phosphines and chloraraine give quaternary atninophosphonium 
chlorides in a high yield which in some cases are hard to isolate because 
(103) 
of f ac i l e hydrolys i s : -
+ . 
R 3 ? + NHgCl ^ [HjPNHgJ Cl~ 
rH,PMH_ lei + H_0 & R,P0 + NH.,01 
L 3 2 j 2 9- 3 ** 
Trishydroxymethylphosphine with diethylchloramine forms the 
corresponding aminophosphonium chloride in a 95~ y ie ld 
P(CH2OH)3 + (C 2H 5)^C1 ^ ! ( ^ 2 0 H ) 3 ? N ( G 2 H 5 ) 2 ] + C l " 
The product loses a molecule of formaldehyde and of hydrogen chloride 
(1O4) 
when treated with triethylamine:-
[(GH 2 0H) 3 P N ( C 2 H 5 ) 2 ] + C I ( C 2 H 5 V ^ , (HOWL,),, H K C g H ^ + CHgO + 
( G 2 H 5 ) 3 N . HCl 
Phenylphosphine and diphenylohospine f a i l to give the analogous addition -
products with diethylchloramine. This is attributed to the decomposition 
of the i n i t i a l l y formed adducts:-
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*2PH + ( C 2 H 5 ) 2 NCI _ _ J 2 f e ( C 2 H 5 ) 2 ] + CT 
jZ$2FN(C2H5)2 + HC1- j ^ K I l ... (C 2H 5) 2NH 
Phenylphosphine and diphenylphosphine produce tetraphenylphosphetane 
and tetraphenylhiphosphine respectively when treated with 
(105) 
dimethvlchloramine or chloramine:-
4 C g H 5 PH 2 + 4 HgNCL ^ ( C 6 H 5 ? ) ^ + 4 RgNHgCl 
2 (C 6 H 5 ) 2 PH + RgfJCl ^ (C 6 H 5 ) 2 PP (CgH 5 ) 2 + R ^ C l 
(R = CHj or H) 
Phosphine gives elemental phosphorus with dimethylchloramine and 
polymeric phos-horns hydride with chloramine:-
2 Fri 5 + 3 (CH 3 ) 9 NCI ^ 2 ? + 3(CH )2NH2C1 
V/ith nitrogen trichloride and triphenylphosphine as precursors, bis 
(106) 
(triphenylphosphine) nitride trichloride is synthesised:-
Diphenylchlorophosphine combines with a mixture of chloramine and 
ammonia to form compounds, which on heating are converted to trimers 
(107) 
and tetramers of the empirical formula (CgHj.JgPf;, The reaction of 
ammonia-free chloramine and diphenylchlorophosphine proceeds as 
2 4 
i l lu s tra ted: -
( C 6 H 5 ) 2 P C 1 + N H 2 C 1 * [ ( C 6 H 5 ) 2 P ( C l ) f m 2 ] C I -HC1 ^ 
( C 6 H 5 ) 2 P ( r m 2 ) ( C I ) N H P ( C I ) 2 ( C 6 H 5 ) 2 
Pyrolysis of the product yields the trimer and tetramer, 
[ ( C 6 H 5 ) 2 F T T j 3 and respectivelyo 
Although theoretical ly, the reaction between aminopb^-phines and chloraraine 
presents the poss ibi l i ty of either a nitrogen-nitrogen or a 
phosVnorus-nitrogen bond being formed, amination always occurs at 
the phosphorus s i t e : -
A similar pathway v/as followed with (R 2 N) 2 p C6^5 o r ( R 2 ^ 3 P * 
The y ie ld of aminophosphonium chlorides range from 43 "to 
Amination i s shown to occur on phosphorus by the examination of the 
products obtained through basic hydrolysis of amino-t~butylaminodipheny-
Iphosphonium chloride:-
[ R 2 N P M 2 ( C 6 H 5 ) 2 ~ | R^KPfC-H,.),, + N H „ C I C l 
[(H 2K) [( ) i M j ( C 6 H C ) 2 ? | j + + H„0 + OH 
(C 6 H 5 ) 2 P(0)0H + M y t - C ^ K H g 
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I f amination occurrs on nitrogen, t-butyl hydrazine w i l l be generated 
instead of t-butylamine« According to the reaction between the mixed 
phosphine, (C2H^)MP(Cl)(CgH,._).., and a mixture of chloramine and ammonia, 
the following equation is proposed, since P-Cl bonds are subject to 
rapid ammonolysis:-
- M V C 1 » (C 2H 5) 2NPN-H 2(C 6H 5) 
CI 
\ 
u 0 
m ^ ~ [ ( G 2 K 5 ) 2 N P ( N 1 I 2 ) 2 C 6 H 5 1 Q 1 
Diraethylarainophosphines and dimethvlchloramine behave analogously 
(111) 
giving phosphoniura sa l t s : -
(CH 3 ) 2 NP(CH 3 ) 2 + (CH3)2NC1 ^ [ ( ( C ^ ^ ( C H j )J CI 
[ ( C H 3 ) 2 K ] 2 P(CK 3) + (CH 3) 2MC1 ^ [ [ ( C H 3 ) 2 I ^ 3 ? ( C H 3 ) ] CI 
Amination takes place.on the phosphorus atom of the hydrasinephosphines 
by chloramine:-
(C 6 H 5 ) 2 PN(CH 3 ) N(C.H3)2 + NH2C1 ^ 
| (C 6 H 5 ) 2 P(ra 2 )N(CH 3 )N(CH 3 ) 2 ] c l 
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The amination of the pl-.osphorousatoms in the aminophosphines and the 
hydrazinephosphines by chloramins demonstrates that the electron 
density on the phosphorus is'increased in relation to the attached amino 
nitrogen atom; probably through p y, -d ^ bonding. Furthermore, the 
other nitrogen atom of the hydrazino group is a less preferred sight for 
reaction. 
Generally phosphines react with chloraraine in the same manner as their 
nitrogen counterparts. Chloramine reacts in such a v/ay that the 
chlorine atom takes on the role of a negative species. The formation 
of hydrazines i s postulated to take place in an analogous fashion,, 
Nitrogen trichloride reacts with phosphorus trichloride to 
013) 
produce Jci5P=N-FCl J + tre ig] 
CHAPTER TWO 
3X?SHIM3NTAL METHODS 
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The study of the reactions of dimethyl chloramine with the 
pho3phines required the use of a variety of manipulative techniques. 
Although the majorityof the., reagents used were not part icularly 
vo la t i l e , a vacuum line allowed the quantitative transference of 
materials to be made under anhydrous conditions. The vacuum l ine also 
allowed investigations of the reaction products (which were v o l a t i l e , ) 
to be made. The vacuum l ine v/as beneficial in removing any excess of 
dimethyl chloramine from the vessel of the reaction. Also i t was useful 
in fract ional condensation for. the purification of volat i le substances 
for exa^ole MegNCl. Jr order to maintain anhydrous conditions 
throughout a series of reactions, or during washing of the products, a 
dry box v/as used. 
This chapter w i l l describe the vacuum and dry box systems avd 
give details of the equipment associated with then. The methods 
employed to purify or prepare a l l the reactants used in the study are 
also explained and discussed. 
1. The vacuum line (Figure 1) 
The vacuum line was of the kind designed for general purposes, 
as shown diagrammatically in figure 1 * I t could be sp l i t into four section 
comprising of a pumping section (p), a general working section ( w ) , 
a storage section (S ) , and a fractionating section ( ? ) . 
The pumping section was comprised of a Jencons mercury diffusion 
pump backed by an Edwards two-stage rotary o i l pump. 
The diffusion pump capacity v/as better than 30 l i t r e s per second 
-3 -5 
pumping capacity at 10 to 10 mm Hg. and could attain an ultimate 
vacuum of 3 x 1 0 m^m Hg. The pump was heated e l ec tr i ca l ly using a 320 
watt wrap-round heating element. The c r i t i c a l backing pressure of 
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0.2mm Hg» was easi ly obtained using the two-stage rotary o i l pump 
which was an Awards "Speedivac" Model 2SG20A powered by an 0.25 
horsepower motor; this provided a pumping speed of 22 l i t r e s per 
minute and an optimum vacuum"better than 10 "^mm Hg. 
The diffusion pump was situated between two cold traps, having 
been isolated from the rest of the line by large three-way tap 
(3a and Figure one) ensured that i f chemicals reactive to hot mercury 
e.g. 5^2) w e r e being handled in this section, no contamination would 
occur. An a i r bleed was provided via tap 1a to prevent o i l suck-back 
when the o i l pump v/as switched off. The connections between the 
rotary pu/np and the diffusion pump a>id the rest of tne l ine were as 
large as possible. 
The general working section consisted of a row of six taps 
terminating in B14 sockets to allow the attachment of the various 
pieces of apparatus, such as infra red gas ce l l s or reaction vessels. 
I t was found more convenient to hava B 14 sockets rather than B 14 
cones on this section, as reactions were. .carried..out which often 
required the making and breaking of connections to this part of the 
line e.g. The weight analysis c e l l work, where the cleaning of vacuum 
grease from the demounted apparatus was fac i l i ta ted by having a cone and 
not a socket. This section of the line was also equipped with a 
standard volume V. and a cold finger, C. The storage section provided 
a tota l capacity of 90 l i t r e s in the form of four 20 l i t r e bulbs and 
two 5 l i t r e bulbs. The storage bulb3 were connected to the vacuum line 
via Rotaflo taps, ?/hich were found to be more satisfactory than 
greased ground glass taps for this particular purpose, since the seal . 
provided was found to be, in general, more durable than that offered 
b}' a greased tap. The merits of this type of vacuum tap are discussed 
la ter . 
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For the investigation of volati le reaction products, or the 
purification of volat i le reatants, the fractionation section was usedr. 
This consisted of s ix individualy isolated fractionation bulbs of a . 
diameter making a close f i t in the mouth of a "Thermos" dewar. 
The fractionation section was demountable, for easy cleaning, 
and was equipped with i t ' s own manometer (? M, Figure 1) so that slow 
d i s t i l l a t ion could be carried out whilst leaving the rest of the 
vacuum line free for other work. Access of this section was via B 1 if. 
sockets. Cold baths necessary for d i s t i l la t ions were made up using 
organic liquids of suitable melting point, and l iquid nitrogen 
(never l iquid a ir )„ The temperatures of such baths are given in 
Table 1. 
Table 1 : Temperatures of a variety of cold baths. 
Cold bath component,, Temperature (0°C) 
Melting C11, -23 
Solid C0 2 / (CH 3 ) 2 C0 -84 
Meltins C,K.CH, -98 - b 0 J 
The cold traps used in the pumping section contained l iquid nitrogen« 
The dewars used with the vacuum line were either wide necked dewars, 
most conveniently held in one pint o i l cans, supported on cork rings, 
or standard quart "Thermos" f lasks . The la t ter were used predominantly 
for freezing purif ied products on the fractionation train when such 
products could not be stored elsewhere, for example diraethly chloramine, 
since nitrogen evaporation losses were minimised by the narrow neck of 
the f lask . The other dswars were used for holding the cold baths„ 
A l l parts of the line were connected, v ia various manifolds, 
either directly or indirectly to the main manometers M, (Figure 1 ) , 
which were of the direct reading type and fabricated from 8mm bore 
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tubing. Pressures were recorded using a oathetometer yielding a 
pressure reading to 0.01mm. 
The standard volume situated in the working section of the line 
was calibrated using an external known volume; the volume of which was 
found by weight measurements f u l l and empty of mercury, and the standard 
P, V and T relationships. 
For vacuum checking, when the vacuum was observed to be better 
than 0.01mm from the manometer, a Tesla c o i l indicated a colour inside the 
-5 
vacuum line when the pressure had fa l len below approximately 10 mm Hg. 
(a black vacuum), This condition was considered satisfactory when pumping 
out the reaction vessels or the joints between the line and the 
demountable pieces of apparatus. The use of the Tesla c o i l might induce 
the formation of "F" centres in a lkal ihal id infra red plates producing 
a blue colouration, and also causing the decomposition of some reactants 
such as (CH^^NCl. Thus cave was exercised in i t s use. I t proved 
extremely useful in the detection of pinholes in the glass tubing of 
the vacuum l ine , but could also cause pinholes' i f suff ic ient care was 
not taken when checking thin walled containers such as the molecular 
weight bulbs. 
In a l l cases Apiezon U. grease was used for the joints which were 
broken, such as cones and sockets. Apieson L grease was used for t^ps 
within the vacuum l ine , as this grade proved more convenient, 
e5peciall3 r when the ambient temperature was low, since i t remained more 
f lu id than the H urease at a lower temperature. Black Pioein wax was 
used for the connections at the diffusion pump since this was 
considerably more permanent than either Apiezon L and I' grease, and 
would also withstand the temperatures in this area. For experiments 
involving substances reactive towards Apiezon grease, such as chlorine, 
Kel-F 90, a fu l ly fluorinated grease, was usedo 
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Examples of different apparatuses used with the vaouum line are 
shown in Figure (2) an infra red gas c e l l and a gas molecular weight 
buTb. Figure (3) shows a storage ampoule and weight analysis c e l l s . 
These equipments are f i t t ed with the "Rotaflo" stopcock which is shown in 
the section in Figure and consists of a "FTFE" plug attached to a 
plast ic knurled knob: the whole f i t t i n g into a spec i f ica l ly designed 
glass tube. When the stopcock is closed the PTFE plug is clamped 
tightly onto the valve seat formed in the glass tube thus sealing the 
contents of the enclosed vessel off from the atmosphere. The seal at 
the other side of the stopcock is formed hy expanding the PTFE plug 
along about 1cm of i t s own length by means of a res i l i ent inside the 
PTFE plug. 
The conditions of a good seal were obtained when both the PTFE 
and the glass contract areas appeared "wetted". I t was important to 
ensure that no dust particles cr pieces of f ibre adhered to the valve 
seat or the valve stem or this could cause leakage. 
The use of a Tesla spark c o i l , for vacuum testing could degrade 
the PTFE around the valve seat area i f care was not taken. 
I t was found that this type of stopcock had several advantages 
over the more standard greased, ground glass tap, in that i t could be 
used quantitatively after long periods of time in contact with, for 
example, PGl^. A conventional greased tap would have deteriorated. 
Indeed, for weight analysis experiments, where the reaction 
studies involved materials whose boiling point was less than room 
temperature, the Rotaflo 'system offered ease of manipulation, the 
ab i l i ty to be reproduced and safety. 
I t was found, however, that although a seal may be satisfactory 
at room temperature, this may not be so at e.g. -35°C in a freezer 
when the PTFE plug contracts* This does not represent a serious 
drawback since the contraction can be compensated for by. pre-adjust merit. 
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The use of the stopcock when formed into a storage ampoule i s 
shown in Figure ( 4 ) . Clearly the convenience of this method over a 
sealed pyrex ampoule need not be emphasised. Figure (2) shows two 
views of the infra red gas c e l l which was fabricated from a 25mm 
diameter tubing and has a path length of approximately 10cm. The c e l l 
v/as equipped with a short (approximately 3om„) cold finger for the 
collection of small quantities of volati le materials, and was sealable 
by means of a Rotaflo stopcock. NaCl infra red plates were affixed to 
the ground glass ends by means of piceine wax (care being taken during 
the application of the plates to prevent cracking under the heat of an 
infra red lamp which was used to melt the black Piceine sealing wax). 
In some ca3es QsJ. plates were fixed in a similar way. 
Figure (3b) shows a star.dard weight analysis c e l l formed from a 
B 24 cone and socket. The socket part of the c e l l contained a ground 
glass tap whereas the container part was formed from a cone. This was 
so that with careful greasing, materials could be weighed whilst in the 
c e l l without coming into contact with the grease around the cone and 
socket joint . The standard c e l l v/as only practical in the case of 
quantitative reactions, especially when solid materials were used. 
The Rotaflo weight analysis c e l l (Figure 3a) was used as a vessel 
for quantitative reactions, when one or both of the reactants were 
vo lat i l es . The storage of some volati le chemical compounds in 
Rotaflo storage ampoules (Figure 3c) aided their intruductions into the 
vacuum l ine . 
An ampoule of one hundred cm'' capacity f i t t ed to the B 14 cone 
was used as a container for the undisti l led dimethlychloramine, during 
the process of d i s t i l l a t i o n , by the use of the vacuum line (Figure 5) 
A molecular weight bu].b of 3l3om'> capacity adapted with a B 14 
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cone and a Rotaflo stopcock was useful in quantitativly measuring gasses 0 
In the case of volati le l iquids, for example BCl^ the compound was 
expanded into the molecular weight bulb at a known temperature and 
pressure this fac i l i t a t ing quantitative reaction. The nrar sample 
tubes of 8mm diameter were used, f i l l e d to a depth of about 2 cm 
(Figure 5^) . For sealed tube reactions the nmr tube was f i t t ed with a 
B 14 cone (Figure 5b) , . connected to a tap with a B 14 cone and socket 
(Figure 5c) which could be attached to the vacuum l ine . The merit of 
the above technique is that the sealed nmr tube which contained the reactant 
o 
can be kept in the freezer at-35 C without any leakages, especially 
when the product is a highly hygroscopic material When using a 
Rotaflo weight analysis c e l l there is greater poss ibi l i ty of leakage, 
because of contraction of the metalic part of the tap. Using this 
technique the nrar spectrum can be run directly without any possible 
attack by moisture. In some cases i t was necessary to break the 
sealed nmr tube inside the dry box in order to push the product towards 
the bottom of the nmr tube and after that stopper the tube by a rubber 
stopper surrounded by parafillTl. This would improve the nmr signal . 
A heavy wall pyrex reactions ampoule of 16mm diameter (Figure 5d) 
was used to fac i l i t a t e some sealed tube reactions. 
2. The Dry Box. 
The dry box was a standard box of approximately 30 l i t r e s 
capacity and is shown along with the associated humidity control 
equipment in Figure ( 6 ) . The glove box was manufactured in 1970 at the 
Science Site Central V/orkshops at Durham from an original drawing from . 
Warwick University from -~ inch mild steel; a l l joints were welded. A 
tubular spanner was welded into the base to take an infra red press. 
An enclosed variable speed recirculating pump positioned inside 
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the glove box, passed the box atmosphere approximately ones every seven 
minutes through two cold traps (c), f i t t ed in a paral le l position. The 
box was kept even when not in.use, under a positive pressure of nitrogen s 
so that the gloves were inflated. The nitrogen used for the make-up of 
the box atmosphere was drawn from central l iquid nitrogen storage 
cylinder and was rated at less than 6ppm HgO. The box i t s e l f was kept 
dry with dishes of phosphoric oxide placed in strategic positions around 
the box f loor. The adequacy of this desiccation can be seen from the 
spectra of extremely moisture sensitive compounds such as £(CH, )„N 3,^1^ 
The entry and exit to and from the box was, for large objects, via 
the main port, A, which ?/as purged with nitrogen for between 30 and L£> 
minutes depending upon the items being taken into the box. For small 
items, such as infra red ce l l s or analytical samples, the quick entry 
and exit port, Q, was used. This consisted of two brass B55 cones 
bolted back to back on the main port side of the box. B55 glass sockets 
equipped with Rotaflo taps :.?ere f i t t ed over the cones and. the whole of 
this could be evacuated to the water pump vacuum within minutes. 
The box was also f i t t ed with an e lec tr ica l connection v ia .a 
gland in the side wall terminating in a 13 amp socket. A.11 none welded 
jo ints , for instance, at the large plastic window, were sealed with 
s i l i cose t si l icone rubber, and before commencing the box was purged 
with nitrogen for at least two weeks. Before use i t was necessary to 
recirculate the box atmosphere through the cold traps, which were 
immersed in dewars of l iquid a i r for at least four hours. Liquid a i r 
was used in this instance because with positive nitrogen pressure in 
the box, the box atmosphere may have tondenced i f l iquid nitrogen 
was use. 
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3 . nnir Technique. 
A l l of the phosphorus compounds were examined by the 31 nmr 
spectrometer in the department; this is a modified F„E. R10 
spectrometer. A l l 31P chemical shif ts were reported, with respect to 
855? aqueous phosphoric acid, as 0 ppm s h i f t , with the upfield direction 
taken as positive. (Visual display unit page 44.) The phosphorus nmr 
machine error is + 1.4ppm. Various types of 8mm nmr tubes were used as 
described in Section I I . 1 . 
Preparation and purification of Reaotants. 
(a) Dime'CiVyl chlora^ine. 
The method Employed here used the reaction between hypochlorite 
ions and alkylamr/ionium halides (1.14) the modification being that:-
(113) 
( i ) sodium hypochlorite is prepared according to the method of Sterling 
and ( i i ) the alkylaminonium chloride was aided in sol id form rather than 
solution. 
( ra 3 ) 2 m, + C I O ^ ( C - ^ - N C I + H 2 O 
Temperature control during the addition of the dimethylammonium chloride 
was found to be very important, since any r ise favoured the formation 
of dichloro-derivatives and possibly highly explosive nitrogen chloride. 
The crude dimethyl chloramine was kept in the freezer mixed with 
calcium chloride as a drying agent. 
Fractional condensation 
Dimethyl chloramine was purified by fractionation on a vacuum 
l i n e , the mixture being d i s t i l l e d through four traps cooled with baths 
at -23°C the melting point of carbontetrachloride two' baths at - 84°C 
(acetone, solid carbon dioxide) and one at -196°Co The majority of the 
product was collected at - 84°G. The pure product, as shown by the gas 
infra red spectrum figure (IR p84) was pure dimethyl chloramine. 
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The dimethyl chloramine was kept in a Rotaflo storage ampoule in a 
freezer because dimethyl chloramine gives white solid decomposition 
products at room temperature, 
(b) The preparation of Aminophosphinqs. 
Tris (dimsthylaiuino )phosphine j_(fIH^^i^Q^P, bis (dimethylamino) 
chlorophosphine [ (CH-)^!^ dimethyl amino dichlorophosphine 
(CH^)2N PC12 dimethyl amino phenyl chlo.ro phosphine (CH^)gN PCI ph 
can be obtained in a good yield from the reaction, of phosphorous 
trichloride or phenyl dichlorophosphine v/ith dimethylamine in 
stoichiometric proportions. The reactions are normally carried out in 
an inert solvent. The one which was used was a dry petroleum ether 
and proceeded according to the following eouations:-
1. n;±, + ^  (,'Jri, J 0i-!t 
j 3 2 
2. PC13 + 4 (CH 3) 2KH 
3. P C I + 6 (ChL^KK 
4. PhPCl 2 + 2 (CH3)2WH 
fl1 5) 
[(CH '} II] PCI + 2 (CH ) J S CI 
J ' * "(117) 
C ( ^ , ) 9 K ] P + 3 ( C H 3 ) 2 M 2 CI 
(116) 
PhPCl N(CH 3 ) 2 + ( C H 3 ) 2 ivH, CI 
The purity of each of the phosphine reagents was checked by nmr as 
shown in the table:- . . . . 
! Number 
1 . i • 
Observed nmr 
Peaks p.p.m. 
Reported nmr 
peaks p.p„m. 
Molecular formula References 
i • \ 1 • i -219c3 -219.4 PC17 3 
1 1 8 , 1 1 9 , 1 2 c 
i 
2 
i 
-164.4 - 1 t £ (CH 3) 2KPC1 2 121 ,122. 
-159.6 -159.7 [ ( C H 3 ) 2 N ] 2 F J I 121 ,122 
4 -122.5 -122.5 r ( C H , ) 0 ^ , P 123,124 
5 -140 _- i ' , *~. (CH 3 0) 3 P 125,126 
6 -127 -127 (C 6 H 5 0) 3 P 126 
7 - 52 - 81.5 P ( C 6 K 5 ) 2 C 1 121 . 
g -161 -161.5 P (C 6 K 5 ) C i 2 127 
9 - 1 4 1 . ? -141 P(C 6 H 5 )K(CH 3 ) 2 C1 123 
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Phosphorus trichloride was obtained from Fisons and after d i s t i l la t ion 
stored in a Rotaflo storage ampoule. Trimethyl phosphite was obtained 
from Ralph N Emanuel, triphenyl phosphite from BDH, diphenyl 
chlorophosphine from Lancaster synthesis, and phenyl dichlorophosphine 
from Alfa-divis ion. 
(c) Other Chemicalsc 
1. ) dimethylamine. 
R2NH v/as obtained in 250ml ampoules which were cooled in a 
freezer at -35°C; the top of the ampoule was cut off by a glass knife 
and the K9?\H was poured into a Rota: io storage ampoule. The a i r wad 
pumped off on the vacuum line while the afnirie v/as frozen at - i 9 6 ° C . 
2. ) HC1. 
MCI as a gas was obtained frotr. a cylinder and introduced into a 
3 l i t r e bulb connected to the fractionation section of the vacuum line 
and purified by fractionation. 
3. ) C l 2 Chlorine. 
C l 0 as a gas was obtained from a cylinder. 
4. ) Boron tr ichloride . 
Pure r e d i s t i l l ed BCl^ v/as kept in a rotaflo storage ampoule. 
5. ) Solvents. 
Diethyl ether and petroleum ether were dried over fine sodium 
v/ire. Dichloro methane and carbontetrachloride were dried over a 
molecular sieve type 3A. The dried solvents were kept in well 
stoppered containers. 
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THE ENACTIONS 0? N . N . DIMETHYL CHL0RAMIN5 
WITH T'RI COORDINATE ALEPHATE PHOSPKIKES. 
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I n t r o d u c t i o n : -
The i n i t i a l p u r p o s e o f t h i s w o r k was t o d e t e r m i n e w h e t h e r d i m e t h y l 
chlo.ra.mine avid t h e f o l l o w i n g c o m p o u n d s : -
Phosphorus t r i c h l o r i d e ( F C l ^ ) , d i m e t h y l amino d i c h l o r o p h o s p h i n e 
( M e 2 N P C l 2 ) . b i s ( d i m e t h y l a m i n o ) c h l o r o p h o s p h i n e ( ( ! . I e 2 N ) 2 P C l ] and 
t r i s . ( d i m e t h y l a m i n o ) p h o s p h i n e [ ( M e ^ O ^ P ] , r e a c t t o f o r m a d d i t i o n 
compounds a n a l o g o u s t o t h e r e p o r t e d r e a c t i o n s o f c h l o r a m i n e w i t h amines 
and p h o s p h i n e s 1 0 ^ (Me = GH^)o 
I t was f o u n d t h a t d i m e t h y l c h l o r a m i n e r e a c t e d v i g o r o u s l y w i t h 
p h o s p h o r u s t r i c h l o r i d e t o p r o d u c e 2 ( M e ^ T C l . ^ ] * . M e ? K P G l 2 , C l ~ and 
P C I , . I t was f o u n d t h a t d i m e t h . y l c h l o r a m i n e r e a c t e d w i t h c 
d i m e t h y l a r a i n e d i c h l o r c phosph ine t o p r o d u c e ( l . i e 2 H ) 2 P C l 2 + « C I , 
and i t r e a c t e d w i t h b i s ( d i m e t h y l -amino) c h l o r o p h o s p h i n s t o p r o d u c e 
[(?,;e 0T'T) 7P C l 3 + . C l ~ . The r e a c t i o n b e t w e e n d i m e t h y l c h l o r a m i n e a n d • 
t r : i s ( d i m e t h y l a m i n o ) p h o s p h i n e v/as f o u n d t o p r o d u c e ( ( M e 2 K ) ^ P G l j T . 
C I and t e t r a m s t h y l h y d r a z i n e r a t h e r t h a n - p r o d u e i n g f ( l f e 2 N ) ^ ? J + . C l ~ . 
The r e a c t i o n b e t w e e n f . ' e 0 NPCl 0 a n d m o l e c u l a r c h l o r i n e p r o d u c e 
2 jjjj3 2?^PCl"] + , F J l g , C l " and tfOgHKl^. T h i s r e a c t i o n was n o v e l i n t h a t 
p a r a l l e l r e a c t i o n s , s u c h as t h e c h l o r i n a t i o n o f t r i s ( d i m e t h y l a m i n o ) 
( 1 3 0 ) 
p h o s p h i n e [ ( M e 0 F ) ^ p ] p r o d u c e s jO - ie^O^PCl] 4 ' . C l ~ t h e s i m p l e p r o d u c t . 
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The r e a c t i o n b e t w e e n phosphorus t r i - c h l o r i d e and d i m e t h y l c h l o r a m i n e . 
The t y p i c a l r e a c t i o n was p e r f o r m e d b y d i s t i l l i n g 1„260g . o f 
hfegNCl ( O . O 158 m o l e s ) u n d e r vacuum i n t o a r o t a f l o w e i g h t a n a l y s i s 
c e l l c o n t a i n i n g 5.65g o f PGl^ a t °=196°C. The v e s s e l was k e p t i n a 
f r e e z e r a t -35°C f o r f i f t e e n h o u r s . The v o l a t i l e f r a c t i o n was 
d i s t i l l e d f r o m t h e v e s s e l and t h e gas i n f r a r e d s p e c t r u m showed t h a t 
i t was P C l ^ o n l y . The excess PSL'j was pumped o f f . The p r o d u c t was 
w e i g h e d and t h e r e a c t i o n was f o u n d t o be c o m p l e t e d i n m o l e c u l a r 
r a t i o • PCL, : Me 0 .NCl 1.34 : 1 . I t was f o u n d t h a t t h e p r o d u c t was 3 
h i g h l y h ryg i -oscop ic , c a r e was t a k e n t o e l i m i n a t e M o i s t u r e * 
T!-- - l - . ~~ ~ ~ ~ — - O 4- A r , .. ^  >-> v n w i A i i n i i n ^ — .£» 
r e a c t a n t s ( T a b l e l ) e . I n a l l cases a w h i t e s o l i d f o r m e d a f t e r a f e w 
m i n u t e s a t -35°C and seamed t o be c o m p l e t e d a f t e r t w e l v e h o u r s . The 
v e s s e l was t r a n s f e r r e d t o t h e d r y b o x and t h e p r o d u c t i s o l a t e d and 
s t u d i e d by u s i n g nmr w h i c h showed a b r o a d peak due t o t h e s o l i d 
+ (1 31 ^ 
o 'nosphorus c a t i o n M e „ I i ? G l , ' _ a t - 6 l „3 ppm, and a n o t h e r 
- (132) 
b r o a d peak a t 293.2ppm. c o r r e s p o n d i n g t o ?Glg a n < 1 a s h a r p t h i r d 
peak due t o a l i q u i d phosphorus compound w h i c h c o r r e s p o n d e d t o 
Me 2 fuQ;?^ a t -164.4 pom. F i g u r e (1a) . 
The i n f r a r e d s p e c t r u m o f t h e sample showed a peak a t 440 cm 1 
- (133") - 1 - 1 - 1 
due t o PClg v and o t h e r peaks a t : - 2845 cm , 2920cm , 1460 cm 
1300 cm ~ 1 , 1170 cm " 1 , 1055 c m - 1 , 1 0 1 0 c m " 1 , 749 e r a - 1 , 730 cm ~ 1 , 
665 c m " 1 , 510 c m - " 1 , 590 e r a " 1 , 490 c m - 1 . ( F i g u r e 2b ,46) . 
The m i c r o a n a l y s i s r e s u l t s a r e shown i n t h e f o l l o w i n g t a b l e : -
^7 
Elemen t C a l c u l a t e d d a t a f o r 
2 ( h i e 2 I T C l 3 ) + . r e i g 
C l " . Me 2 KPCl" 2 _ ' 
Found 
| 0 9.31 
H 2 . 28 3.23 
N 5.33 5.29 
F | 1 5 . 7 14 .57 
C I I 67 .5 
i 
66.62 
The r e a c t i o n be tween FC1_ and Me^NCl was' a c h i e v e d n i n e t i m e s . 
T a b l e (1 ) summarises t h e r e a c t i o n s . 
TABLE 1 
Number P C l j / M e g E C l 
The a c t u a l 
M o l a r r a t i o 
r e a c t e d . 
Temp-
e r a t u r e 
°C 
- Time " 
b y 
Hours 
pmar s i g n a l and i n t e g r a t i o n r a t i o 
(ppm) . 
M e 2 I ^ I 2 Me 2NP:jJ V Q 1 -
* 0 6 
1 1 • 34/1 -35 15 -l64..4ppm -61.3 ppm 
1.0 1.95 
298.2 ppm 
1 
2 1.3/1 -35 12 -166 " 
1 . 0 
-60.0 " 
A ° 
291.7 " 
1 
3 1.03/1 0 A J -166 " 
0.9 
••-•8.5 " 
1.83 
?T3,2 " 
1 
4 A OA /•* -35 13 -166 " 
1 . 0 
-59-7 " 
1.94 
299 .8 " 
1 
5 1 . 0 1 / 1 -35 13 -164 ,4 " 
1 . 0 
-59 
1.96 
238 , 2 " 
1 
6 1.31/1 -35 16 
. 
- 1 6 4 . 4 " 
1 : 2 - " • 
-58.8 " 
' 2.0 
289 " 
1 
7 S e a l e d 
t u b e 
-35 12 -167.7 " 
1.1 
-59-3 " 
2.0 
302.9 " 
1 
8 S e a l e d 
t u b e 
-35 15 -164.4 " 
1 .2 
-59 .9 " 
2.2 
302.9 " 
1 
9 1.33/1 
' """ '" " 1 
14 -166 " 
0 . ? 
-61.3 " 
a nv 1 • ;J 
295 
•1 
T h e r e f o r e t h e r e a c t i o n i s : -
4 PCI + 3 M e 2 N C l ^ 2 Me^vPCl + + PClg + C l ~ + M e 2 N F C l 2 
k9 
The r e a c t i o n b e t w e e n Me„NCl and P C I , u s i n g a s e a l e d t u b e . 
0,0093 raol o f Me^NCl was d i s t i l l e d t h r o u g h t h e vacuum l i n e o n t o 
0.015 n io l o f F C l ^ i n s i d e a nmr t u b e w h i c h was a d a p t e d t o be c o n n e c t e d 
t o t h e vacuum l i n e ( F i g u r e 1 ) and i t was s u r r o u n d e d b y a b a t h o f l i q u i d 
n i t r o g e n ( - 1 9 6 ° C ) . The nmr t u b e w h i c h c o n t a i n e d t h e r e a o t a n t s was s e a l e d 
o f f and l e f t i n a f r e e z e r a t -35°C f o r 15 h o u r s . The t u b e was c u t i n t o 
two p i e c e s i n s i d e a d r y b o x and t h e p r o d u c t was pushed t o w a r d s t h e b o t t o m 
o f t h e t u b e b y u s i n g a g l a s s r o d . The t u b e a f t e r w a r d s was s t o p p e r e d a n d 
p r o t e c t e d fcy p a r a f i l m . The nmr s p e c t r i n , o f t h e p r o d u c t showed t h e 
p r e s e n c e o f t h r e e p h o s p h o r u s s p e c i e s as shown i n T a b l e 1 , e x p e r i m e n t 
number 8 . I n s i d e t h e d r y b o x t h e p r o d u c t was removed f r o m t h e nmr t u b e 
and i d e n t i f i e d a g a i n by i n f r a r e d s p e c t r o s c o p y w h i c h was a l s o t h e same 
as t h e s p e c t r u m o f t h e p r o d u c t o f t h e t y p i c a l e x p e r i m e n t . 
A b s t r a c t i o n o f t h e m i x t u r e {2 ( j . ^ I T C l ^ ) + + PClg + C l ~ j 
The m i x t u r e was o b t a i n e d f r o m t h e p r o d u c t o f t h e r e a c t i o n b e t w e e n 
PC1 Z and M e 2 K C l [ 2 ( l f e , N F C l ) + + PClg + C l ~ + M e ^ - T C l g ] a f t e r t h e r e m o v a l 
o f M e g W C l g "by w a s h i n g t h e p r o d u c t w i t h d i c h l o r o r a e t h a n e i n s i d e t h e d r y 
b o x , and t h e nmr showed t w o p e a k s , one a t -61.3 ppm c o r r e s p o n d i n g t o 
2 | f £ e „ N P G l - " | + and t h e o t h e r a t 2 9 8 . 2 pom c o r r e s p o n d i n g t o P C l " ( F i g u r e 2 a ) . 
The r e a c t i o n be tween HC1 t h e m i x t u r e . 
Caseous HOI was condensed a t a t e m p e r a t u r e o f -196°C i n a s t a n d a r d 
w e i g h t a n a l y s i s c e l l c o n n e c t e d t o t h e vacuum l i n e and c o n t a i n i n g 0.103 9 
o f t h e m i x t u r e . 
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The r e a c t a n t s . w e r e l e f t f o r 30 m i n u t e s a t room t e m p e r a t u r e . The 
excess o f HG1 was d i s t i l l e d o f f and a w h i t e S o l i d l e f t i n s i d e t h e 
v e s s e l . 
I t was f o u n d t h a t t h e r e was no change i n t h e mass, and t h e i n f r a 
r e d s p e c t r u m showed no change f r o m t h e i n f r a r e d o f t h e m i x t u r e b e f o r e , , 
P resumable t h e d i m e t h y l a m i n o t r i c h l o r o pho3phon:ium c a t i o n was n o t l a r g e 
enough t o f o r m a t h e r m a l l y s t a b l e h y d r o g e n d i e h l o r i d e a t room t e m p e r a t u r e 
and t h a t h y d r o g e n c h l o r i d e was n o t a s t r o n g enough p r o t o n a c i d t o c l e a v e 
t h e p h o s p h o r u s n i t r o g e n b o n d . 
The r e a c t i o n be t r -een t h e ns ix tu re l2 (MepNPC1*). PCI/- . C l 1 and 
r i 
3 
A. sample or? the m i x t u r e Oc3849"^as p l a c e d i n a s t a n d a r d w e i g h t 
a n a l y s i s c e l l i n s i d e the d r y b o x . The s t a n d a r d w e i g h t a n a l y s i s c e l l 
was c o n n e c t e d t o the vacuum l i n e . Gaseous HC1 was condensed i n s i d e t h e 
s t a n d a r d w e i g h t a n a l y s i s c e l l (-2ml), w h i c h was s u r r o u n d e d b y l i q u i d 
n i t r o g e n ( - 1 9 6 ° C ) . The m i x t u r e d i s s o l v e d s l o w l y i n l i q u i d HC1. 
B C l ^ was condensed i n the v e s s e l a t - 1 9 6 ° C The l i q u i d n i t r o g e n 
s u r r o u n d i n g t h e v e s s e l was r e p l a c e d b y a c o o l e d b a t h o f t o l u e n e . The 
r e a c t a n t s were k e p t a t -96°C f o r 35 m i n u t e s , a f t e r w a r d s t h e e x c e s s o f 
KC1 and E C 1 , were d i s t i l l e d o f f . A w h i t e s o l i d was o b t a i n e d and t h e 
3 
v e s s e l was w e i g h e d . 
The w e i g h t a n a l y s i s c e l l w h i c h c o n t a i n e d t h e p r o d u c t was t r a n s f e r r 
t o t h o d r y b o x . The nmr and the i n f r a r e d were s t u d i e d . The nmr showed 
+ ( 1 3 4 ) . 
one peak o n l y a,t -85 .5 ppm w h i c h c o r r e s p o n d s t o t h e P C I ^ c a t i o n . 
( F i g u r e 5 a ) . The i n f r a r e d s p e c t r u m o f t h e p r o d u c t ( F i g u r e 5b) showed 
-1 ~1 
peaks a t 3200cm due t o K - H v i b r a t i o n and a peak a t 650 cm f o r 
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*J- ( 1 j b — 1 ~1 
PCI v ; and a b r o a d oeak.s a t 630 cm and 720 cm f o r t h e v i b r a t i o n 
h- ." 
o f B C l ^ 0 ^ 7 ) ^ j£ w a s n o - t j _ c e ^ t h a t t h e peak w h i c h c o r r e s p o n d e d t o t h e 
—1 
v i b r a t i o n ( F i g u r e L b ) o f PClg (440 cm ) d i s a p p e a r e d . T h i s r e a c t i o n , was 
a c h i e v e d t w i c e as i n t h e T a b l e (2) 
TABLE 2 
Number B C l , / M i x -
t u r e 
T e m c e r a t u r e Time b y • 
m i n u t e 
ninr o f t h e 
+ 
p r o d u c t P C l ^ 
1 2.98 /1 - 9 6 35 -85 ppm 
2 5/1 -96 30 - 8 0 . 7 ppm 
So t h e r e a c t i o n i s : -
( M e 2 K P C l ) 2 C i . PClg + 4 KC1 + 5 B C 1 3 ^ 2 M e 2 ^ B C l + 
3PC1. +- BClT . 
4 k- — 
The r e a c t i o n be tween d i m e t h y l a m i n o ^ d i c h l o r o p h o s p h i n e and c h l o r i n e 
C h l o r i n e was b u b b l e d g e n t l y t h r o u g h 0.0187 moles o f IfegNPClg 
d i s s o l v e d i n d r y d i c h l o r o m e t h a n e f o r f i v e m i n u t e s u n d e r an a tmosphe re 
o f d r y n i t r o g e n . 7/hen e x t e r n a l c o o l i n g t o 0°C t o o k p l a c e a w h i t e s o l i d 
p r o d u c t was f o r m e d . The r e a c t i o n v/as r e p e a t e d u n d e r t h e same c o n d i t i o n s < , 
P u r i f i c a t i o n o f t h e p r o d u c t . 
The v o l a t i l e s were d i s t i l l e d f r o m t h e v e s s e l b y a vacuum l i n e . 
The p r o d u c t was h y g r o s c o p i c m a t e r i a l t h e r e f o r e , i n s i d e t h e d r y b o x , 
s amples were t a k e n t o s t u d y nmr and i n f r a r e d . The nmr showed t h r e e 
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p e a k s j a s h a r p one a t -167.7 ppm due t o Me^KPCl , t h e second one was 
M e ^ v P C l ^ j , and t h e t h i r d one was 
a b r o a d peak a t 298.2 ppm due t o PClg , T a b l e ( 3 ) , F i g u r e * (3a , udi) 
The i n f r a r e d s p e c t r u m o f t h e p r o d u c t compared f a v o u r a b l e w i t h t h e 
i n f r a r e d s p e c t r u m o f t h e r e a c t i o n be tween p h o s p h o r u s t r i c h l o r i d e a n d 
Me 2 NCl ( F i g u r e 3b) 
TABLE 3 
Number T i m e : 
M i n u -
t e s 
Tempera-
t u r e G 
nmr s i g n a l and i n t e g r a t i o n r a t i o 
Me 2 KFCl + PClg . M e 2 N P C l 2 
1 5 0 
ppm 
-61.3 
2 . 08 
pprr. 
298.2 
1 
' P K i 
-167.7 
0.98 
2 8 0 -53 
2.01 
293.5 
1 
-166 • 
1 
The e l e m e n t a l a n a l y s i s r e s u l t s a re shov/n i n t h e f o l l o w i n g t a b l e : -
The E l e m e n t C a l c u l a t e d d a t a f o r 
2Ke 2rJPCl* . FClg + C l " . 
M e 2 N ? C l 2 
Found 
C 9.14 10.23 
H 2 . 2 8 3.7 
M 5.33 4.85 
P 15.7 14.15 
C I 67.5 67.47 
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When MegKPClg was removed f r o m t h e p r o d u c t b y w a s h i n g i t w i t h d r y 
d i c h l o r o i n e t h a n e i n t h e d r y b o x i t s nmr showed t w o p e a k s , one a t —61«.3 PP"1 
due t o MegNFCl^ + a n < l a n o t h e r one a t 298 .2 ppra due t o PClg , F i g u r e ( 4 a ) . 
A p o s s i b l e r e a c t i o n i s : -
3 H e 2 r . T C l 2 + 4 C l 2 ^ (MegWPCl ) 2 C I . PClg + M e ^ E l . 
s i n c e t h e c h l o r i n a t i o n o f M e 2 N F C l 2 was b e l i e v e d t o be as t h e f o l l o w i n g : 
4 M e 2 H F C l 2 + 4 C l g 4 M e 2 N C l + 4 PCl^ 
2, P J 1 , + 3 Me„HCl ^ l ! ' . !e_NPCl_" | + + p e l " + C l ~ + M e - I T i : ! 
3 <^  £ 3-1 o 2 <i 
The r e a c t i o n be tween d i m e t h y l c h l o r a m i n e and d i m e t h y l amino 
d i c h l o r o p h o s o h i n e . 
2.1 ramcl o f Me NCI were d i s t i l l e d t h r o u g h t h e vacuum l i n e and 
condensed on 2 .32 mmol o f i tegNFClg i n s i d e a s t a n d a r d w e i g h t a n a l y s i s c e l l 
a t - 196°Co The r e a c t a n t s vi&rs k e p t a t 0°C f o r f o u r t e e n h o u r s . By 
u s i n g a manometer c o n n e c t e d t o a vacuum l i n e i t v/as f o u n d t h a t t h e r e was 
no v o l a t i l e s u b s t a n c e s p r o d u c e d by t h e r e a c t i o n . 
The p r o d u c t was removed f r o m t h e v e s s e l i n t h e d r y b o x s i n c e i t 
was h i g h l y h y g r o s c o p i c m a t e r i a l . The nmr showed one peak a t -27*5 ppm. 
( F i g u r e 6 a ) . The i n f r a r e d s p e c t r u m i s shown i n ( F i g u r e 6 b ) . The 
m i c r o a n a l y s i s r e s u l t s f o r t h e compound | _ ( f i fe ? rv )pPCl ? + . CI a r e shown 
i n T a b l e ( 4 ) 
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TABLE 4 
The e l e m e n t T h e o r e t i c a l d a t a 
( ! f e 2 N ) 2 P C l 3 -
P r a c t i c a l 
r e s u l t s . 
C 21.3 % 21.72 % 
H 5.32 fo 5^53 £ 
. . . 
N 12.42 % 12.38 % 
P 13.75 3 . 13.42 % 
C l 47.19 < 46.75 ?? 
The r e a c t i o n , i s : -
M e 2 N C l + M e 2 N P C l 2 ^ RM e2N )2 ? C 12J + ° G 1 ° 
The r e a c t i o n b e t w e e n b i s ( d i m e t h y l s m i n o ' • c h l o r o p h o s o h i n e and 
d i m e t h y l c h l o r a m i n e . 
I n a t y p i c a l r e a c t i o n 3.1 mraol o f M e ^ I C l was d i s t i l l e d i n t o 
1.5 mmol o f ( W e 2 N ) 2 P C l i n s i d e a s t a n d a r d w e i g h t a n a l y s i s r o t a f l o a t 
-196°C„ The v e s s e l w h i c h c o n t a i n e d t h e r e a c t a n t s was k e p t i n a 
f r e e z e r a t - 3 5 ° ^ f o r e i g h t e e n h o u r s . A w h i t e s o l i d was f o r m e d . On 
o p e n i n g t h e t u b e , warmed t o room t e m p e r a t u r e , no p r e s s u r e v/as r e c o r d e d 
on t h e manometer ; s i n c e t h e p r o d u c t was h i g h l y h y g r o s c o p i c m a t e r i a l i t 
was t a k e n o u t o f t h e v e s s e l i n s i d e t h e d r y b o x . 
P u r i f i c a t i o n o f t h e p r o d u c t . 
The p r o d u c t was washed by d r y p e t r o l e u m e t h e r and k e p t i n s i d e 
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a vacuum d i s c a t o r . The nmr o f t h e p r o d u c t "before b e i n g washed b y d r y 
p e t r o l e u m e t h e r showed t w o p e a k s , one a t -15#*c> ppm due t o t h e exces s o f 
t h e r e a g e n t , a n d t h e o t h e r a t -53.3 ppm, due t o t h e p r o d u c t ( F i g u r e 7a) 
The i n f r a r e d s p e c t r u m o f t h e compound, i s shown i n ( F i g u r e lb). The 
r e s u l t s o f t h e e l e m e n t a l a n a l y s i s a r e i l l u s t r a t e d b y T a b l e (5.). 
TABLE 5 
The e l e m e n t s C a l c u l a t e d d a t a 
f o r ( M e 9 N ) 3 P C l 2 
Found 
C 30c 7 29.83 
H 7.69 8.2 
K 17.95 18.1 
p 13.25 1 3.1 
C I 30,31 30.4 
T h i s i n d i c a t e s t h a t t h e compound i s [ ( ' v ^ i O ^ P C l j . C I and t h e 
e q u a t i o n f o r t h e r e a c t i o n s i s : -
( M e n K ) 0 P C l + Me„ECl . RMe 0N) TPCl] + . C l ~ . 
£. £. ' v c J 
T h i s r e a c t i o n was p e r f o r m e d s i x t i m e s , ( T a b l e 6 ) 
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TABLE 6 
Number A c t u a l Mol r a t i o 
o f the r e a c t . 
( l f e 2 N ) 2 P C l / H e 2 N C l 
Tamp. 
°C 
Time 
Honrs 
nmr by 
ppra 
1 0 . 9 2 / 1 - 3 5 1 4 - 5 3 » 3 
2 1 / 1 0 1 6 - 5 1 . 6 
3 1 . 0 7 / 1 0 1 2 - 5 3 . 3 
4 1 . 1 / 1 - 3 5 1 5 - 5 2 . 5 
5 1 / 1 0 . 1 5 - 5 3 . 3 
6 0 . 9 7 / 1 
. . . 
- 3 5 1 2 - 5 3 c 3 
H y d r o l y s i s o f the product [(i/e rj),PCl ] + . C l " 
* _2~?_~ : — ~ — . 
The product v/as kept under an atmosphere o f wet n i t r o g e n f o r two 
weeks. The product |]'Me^N) TPCl l + . C l became c o l o u r l e s s l i o u i d . The 
' ' 5 " (139) 
nmr showed one sharp peak o n l y at - 25 .3 ppm due t o (Me^N)^PO as i s 
shown i n F igu re 9a. 
The h y d r o l y s i s equa t ion i s : -
[ ( H e 9 N ) 3 P ? . l ] + . C l " + H 2 0 ^ ( M e 2 N ) 3 PO + 2 HC1. 
The r e a c t i o n between d i m e t h y l chloramine and t r i s ( d i m e t h y l amino) 
Phosohine. 
0.008 moles o f d i m e t h y l chloramine were d i s t i l l e d th rough t h e 
vacuum l i n e and condensed on 0.009 moles o f ( i fe^O^P d i s s o l v e d i n 3^1 
o f d r y petroleum e the r i n s i d e a s tandard weigh t a n a l y s i s r o t a f l o , 
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surrounded by a ba th o f l i q u i d n i t r o g e n -196 C. 
The v e s s e l was l e f t f o r twenty hours a t 0°C» A w h i t e s o l i d 
p roduc t was fo rmed . The so lven t was pumped o f f . The gas i n f r a r ed 
showed a spectrum o f a mix ture o f pe t ro leum e the r and another 
substance v/hich E i g h t have been t e t r a m e t h y l h y d r a z i n e . The v o l a t i l e s 
were condensed i n s i d e a vesse l a t -196°C then a l lowed t o warm t o room 
temperature i n o rde r t o m e l t ; f o r ^>ml o f the l i q u i d a few drops o f 
concen t ra ted HC1 were added. A f t e r f i v e minutes the excess o f HC1 was 
pumped o f f , and a few drops o f concen t ra ted NaOK were added. Two 
aqueous l a y e r s were n o t i c e d . The supernatant l a y e r was pumped o f f by 
& vacuum L i n e . The gas i n f r a red o f tJid- remain ing l i q u i c . showed t h a t 
t h e substance was t e t r a m e t h y l hyd raz ine . 
P u r i f i c a t i o n o f the s o l i d p r o d u c t . 
The product was a hygroscopic m a t e r i a l t h e r e f o r e i t was taken 
f r o m the ves se l i n s i d e the dry box and i t was washed w i t h d r y p e t r o l e u m . 
The nmr f o r the s o l i d product o f the t y p i c a l r e a c t i o n showed one peak 
o n l y a t -53•3 ?pm which i s equal t o the p o s i t i o n o f the peak f o r the 
compound [(ivfeglO^PClj+ . CI v/hich was prepared by the r e a c t i o n between 
(Me 2 N) 2 PCl and MegKCl, F igu re ( 8 a ) . 
The i n f r a r ed spectrum o f the product c o i n c i d e d w i t h the i n f r a 
r e d spectrum o f the compound [(MegN) P C l ] + . G l . The r e s u l t o f the 
e l emen ta l a n a l y s i s are shown i n Table ( 7 ) . 
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TABLE 7 
The element . C a l c u l a t e d 
data f o r 
( M e 2 N ) 3 P C l ? 
Found 
C 3 0 . 7 3 1 . 4 
H 7 . 6 9 8 
N 1 7 . 9 5 1 7 . 9 3 
P 1 3 . 2 5 1 2 . 8 
C I 3 0 . 3 1 3 0 . 1 
The r e a c t i o n was performed f o u r t imes as shown by Table ( 8 ) 
TABLE 8 
Number A c t u a l mo l . rat?Lo f o r 
the r eac tan t s 
(Me 2 N) 3 P/Me 2 NCl 
Temp. Time: 
Hours 
nmK by 
ppm 
1 1 / 1 . 9 0 - 3 5 1 2 - 5 3 o 2 
2 1 / 1 . 8 6 0 1 5 - 5 1 . 6 
3 1 / 2 . 0 1 0 1 4 - 5 3 . 3 
4 1 / 1 . 9 4 0 1 2 - 5 3 . 3 
The r e s u l t s i n d i c a t e d t h a t the r e a c t i o n v/as:-
2 Ke 2 NCl + (Me 2 N) 3 P p [(Me^O Jfcl] + . C I + MegN - me . 
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H y d r o l y s i s o f [(MepN) PGl 1 + C l " . 
The substance was kep t under a wet atmosphere o f n i t r o g e n f o r 
twe lve dayso I t was conver ted t o _a_ c o l o u r l e s s l i q u i d wh ich gave one 
" ( 1 3 8 ) 
peak by t e s t i n g i t s nrar a t -27 ppm, This corresponded t o (IfegfUjPOr. 
chemica l s h i f t s 
CHAPTER FOUR 
A . THE REACTIONS OF D DIETHYL CHLORAMiyE 
WITH PHOSPHORUS ACT!) ESTERS. 
B . THE REACTIONS OF DIETHYL CHLORAWINP! 
WIThl TRI COORDINATE AROl-'ATIC PHOSPHINES. 
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A The r e a c t i o n between t r i m e t h y l phosphi te and d i m e t h y l 
ch lo ramine . 
0.021 mol o f d i m e t h y l chloramine vfas d i s t i l l e d by t h e vacuum l i n e 
i n t o 0.014 raol o f t r i m e t h y l phosphi te a t -•196°C„ The s tandard we igh t 
a n a l y s i s r o t a f l o which conta ined the r eac tan t s wa3 kep t a t -35°C f o r 18 
h o u r s . The contents o f the vesse l were a l lowed t o warm t o room 
tempera tu re . The v o l a t i l e s were pumped o f f on t h e vacuum l i n e . The 
i n f r a r ed spectrum of the most v o l a t i l e f r a c t i o n showed t h a t i t was 
methy l c h l o r i d e , the less v o l a t i l e f r a c t i o n showed t h e presence o f 
excess d i m e t h y l chloramine as shown i n F igu re (8b)L 
The presence o f MeCl was n o t i c e d by c h a r a c t e r i s t i c a b s o r p t i o n 
. - -1 d 39} _ _. _ -1 ._ . . - 1 
oanas a t / l b cm , ' ' ana /45 cm , and. o tne r two Bands ax 1_)4u cm 
—1 
and 1370 cm , as sho-vn i n F igu re (lOb). A c o l o u r l e s s l i q u i d was l e f t i n 
the v e s s e l . On r u n n i n g the nmr o f t h i s l i q u i d the spectrum showed one 
sharp peak at. - 8 . 2 ppm cor responding t o a t e t r a coord ina te phosphorus 
compound as shewn i n F igure (10a ) . 
The t h i n f i l m i n f r a r ed o f the product as shown i n Figure(9~o) 
showed the presence o f a P=0 bond by g i v i n g a c h a r a c t e r i s t i c a b s o r p t i o n 
i n the 1260 - 1250 cm -"1 r e g i o n ' 1 ^ , and the f o r m a t i o n o f P - Nv.2 wh ich 
-1 (141) „ 
was represen ted by a peak a t 700 cm 
The e lementa l a n a l y s i s r e s u l t s agreed w i t h the molecular f o r m u l a 
NMe 2PO(0Me) 2 . 
Element • C a l c u l a t e d % Found ?5 
C 30.4 31.3 
H 8.4 8 
N 8.2 8.8 
P 20.3 2 0 . 0 
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This r e a c t i o n was repeated u s i n g the same technique where 0.013 
mol o f d ime thy lch lo ramine was condensed i n t o a s tandard weight a n a l y s i s 
c e l l c o n t a i n i n g 0.024 mql o f t r i m e t h y l phosphi te a t -35°C f o r 17 hours . 
The i n f r a red o f the v o l a t i l e s showed MeCl, and the nuir spectrum showed 
the 2 sharp peaks : - one cor responding t o l i q u i d s a t 14-0.2 ppm, ( the 
s t a r t i n g m a t e r i a l , ) and the o ther peak a t - 3 . 8 ppm ( the produc t ) , , These 
obse rva t ions can be exp la ined by the f o l l o w i n g r e a c t i o n : -
(MeO)_P + MeJNCl ^ Me0NP*~ (OMe)o + MeCl, 3 ^ £ d 
The p r e p a r a t i o n v/as a t tempted i n a sealed nrar t u b e s bu t the pressure 
o f methy l c h l o r i d e b u r s t the t ube . 
The r e a c t i o n between T r i p h e n y l phosphite and d i m e t h y l chloramine 
I n a t y p i c a l r e a c t i o n between t r i p h e n y l phosphi te and d i m e t h y l 
chlorarriine 0.0089 niol o f d i m e t h y l chloramine was d i s t i l l e d by u s i n g the 
vacuum l i n e i n t o the s o l u t i o n of O.065mol o f t r i p h e n y l phosphi te d i s s o l v e d 
-0 
i n t o 2ml . o f d r y petroleum e the r a t - 1 9 t G i n a s tandard "//eight a n a l y s i s 
c e l l . The r e a c t i o n was kept f o r 15 hours a t ~35°C and the contents o f the 
v e s s e l were a l l owed t o warm t o room tempera ture . 
The gas i n f r a r ed spectrum o f the v o l a t i l e s showed a mix ture o f 
d ime thy lch lo ramine and pet roleum e t h e r . The v o l a t i l e s were pumped o f f ; 
a w h i t e s o l i d was l e f t i n the vesse l and the ves se l weighed. I t was 
f o u n d t h a t the r e a c t i o n was completed by a moler r a t i o 1/1„0Q7 (PhO^P 
/MegNCIo The product was hygroscopic t h e r e f o r e a l l t he p recau t ions f o r 
h a n d l i n g such a substance- were appl ied , , 
P u r i f i c a t i o n o f the p roduc t . 
The product was washed by d r y oetroleum e the r (60ml) i n s i d e the 
d r y box and kept i n a vacuum d i s c a t o r f o r f i f t e e n minu tes . A sample o f 
t h e product was p laced i n a nmr tube and the spectrum showed one peak 
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a t 18.5 pp:n as shown i n F igure (11a),. The e lementa l ana ly s i s r e s u l t s shown 
i n the t a b l e agree w e l l w i t h the t h e o r e t i c a l r e s u l t s f o r (PhO) 7PNMe 0Clo 
Element Ca lcu la t ed '% Found % 
C 61.6 60 .4 
H 5.4 6.1 
N 3.6 2 .9 
P 7.9 8.2 
C i 
... 1 
9.1 9 .4 
1 
The i n f r a r ed spectrum showed a b s o r p t i o n bands (F igure 11b) i n 
-1 " -1 ( , 4 2 ) t he r e g i o n 438 cm - 565 cm cor responding t o P - C l , and another 
-1 
a b s o r p t i o n band a t 700 cm , cor responding to PNIv'e,,. These r e s u l t s i n d i c a t e d 
t h a t the r e a c t i o n i s : -
(PhO^P + I£vfe2 C l ^ (PhO) 3 P NMe 9 . C l 
where Ph = C^HC b i> 
B The r e a c t i o n s of d i m e t h y l chloramine w i t h t r i c o o r d i n a t e 
a ro ma t i c pho s p h ine s. 
1 o The r e a c t i o n between d i p h e n y l chloroohosphine and d i m e t h y l c h l o r a m i n e . 
0.0032 mol o f d i m e t h y l chloramine was d i s t i l l e d i n t o a s tandard 
we igh t a n a l y s i s c e l l c o n t a i n i n g 0.0015 mol o f d i p h e n y l chlorophosphine 
o 
d i s s o l v e d i n 3 nil o f d ry pet roleum e the r a t -193 C by us ing the vacuum 
l i n e . The vesse l was kept at - 3 5 ° 0 f o r 17 hours . The contents o f the 
tube were a l lowed t o warm t o the room tempera tu re . The vola l rLles were 
6 3 
pumped o f f . The gas i r - f r a red spectrum showed t h a t i t was the excess 
o f d i m e t h y l chloramine mixed w i t h pe t ro leum ether , / The produc t was a 
w h i t e s o l i d w h i c h , by exposure to_ the room temperature f o r twen ty minutes 
s t a r t e d t o p y r o l y s e and changed i n c o l o u r t o y e l l o v / i s h w h i t e c 
The nmr spectrum f o r the p y r o l y s e d product showed a major peak 
a t - 7 0 . 9 ppm (F igure 12a) and a minor peak a t - 6 5 ppm, and a major peak 
a t - 3 7 PP^° This r e a c t i o n was repea ted u s i n g a d i f f e r e n t technique," 
t h e nrar tube w i t h a B 14 cone adapted t o a B 14 t ap socket and a B 14 
cone. I n s ide the d r y box 0.0028 mol o f Ph^PGl d i s s o l v e d i n 2 ml o f d r y 
pe t ro leum e t h e r were p">?.ced i n s i d e t h e s p e c i a l l y made t ube . The contents 
o f t he tube were degass f ied by u s i n g the vacuum l i n e t e c h n i q u e „ 0 o 0017 
mol o f Ma^NGl was d i s t i l l e d i n t o t h e tubs a t - I 9 6 ° 0 c The tube vras kept 
0 
a t - 3 5 0 f o r e igh teen hours . The product v;as al ' lowed t o v/jirm t o the 
room tearaers.t*»re f o r about th ree ninv.tea; by t h i s tf.nse a l l the v o l a t i l e s 
were pumped o f f c 
The i n f r a r ed spectrum showed t h a t i t was pe t ro leum e t h e r . The 
w h i t e s o l i d product was l e f t i n s i d e the t u b e , coo led t o - l 9 6 ° C , and the 
nrar measured as i t warmed t o room tempera ture . A run o f f i f t y scans 
w i t h t h r e e seconds de lay produced a spectrum which showed two peaks, 
one sharp peak cor responding t o the phosphorus s t a r t i n g m a t e r i a l a t 
-82 ppm and another b road i sh peak a t - 7 0 . 9 ppm due t o the p r o d u c t e The 
product was a l lowed t o be pyrolysed. a t room temperature f o r f o u r hours 
and d u r i n g t h a t t ime no v o l a t i l e species were produced (F igure 13&)» 
The r e a c t i o n between the product o f the above r e a c t i o n and 
• boron t r i c h l o r i d e 0 
In s ide the d r y box 0.C015 mol o f PhgPCl was sy r inged i n s i d e a 
s tandard weight a n a l y s i s c e l l which con ta ined 3 cil o f d r y pet roleum 
e t h e r . The contents o f t h e vesse l were degase f i ed . 0.004 mol o f 
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d i m e t h y l ohloramine was d i s t i l l e d i n t o the vesse l a t ~ 1 9 6 & C by u s i n g a 
vacuum l i n e t e c h n i q u e c The c e l l , which con ta ined the r e a c t a n t s was kept 
a t - 3 5 ° C f o r n ine t een hours . The product was a l l o w e d t o warm t o room 
temperature f o r about t h ree minutes and a f t e r w a r d s a l l t h e v o l a t i l e s 
were pumped o f f . The vesse l was weighed and t h e i n f r a r e d spectrum o f 
the v o l a t i l e s showed t h a t they were Me^NCl and pe t ro leum e t h e r . The 
r e a c t i o n was completed and f r o m the masses the molecular r a t i o o f the 
r e ac t an t s was 1/1.006 Ph^PCl/ifegNCl. By u s i n g vacuum l i n e t echnique a 
l a r g e excess o f boron t r i c h l o r i d e was d i s t i l l e d i n t o the v e s s e l a t ~ 9 5 ° C 
and then i t v/as kept a t the same temperature f o r t h r e e hour s . The 
conten ts were a l l owed t o warm t o room tempera ture . The v o l a t i l e s were 
pumped o f f and the i n f r a r ed spectrum showed t h a t t h i s was the excess 
boron t r i c h l o r i d e c 
The ves se l was re-weighed and the re was an increase i n mass. The 
produc t was s t ab l e a t room tempera tu re c 
R i r i f i c a t i o n o f the p roduc t . 
The produc t was very hygroscopic"and was washed w i t h 100 ml o f d r y 
pe t ro leum e the r i n the d ry box. 
The nrar spectrum showed one peak a t -7 l .8ppm, cor respond ing t o a 
tetracoord?Lnate c a t i o n i c phosphorus species,, 
The e lementa l a n a l y s i s r e s u l t s agreed w i t h the molecu la r f o r m u l a 
[ p h 2 P C l ! \ M e 2 ] + + BC1~ 
«.p..«„« ~ou _ r» T J 
i : i i C i U i. fi. — W x- J . l _ 
C a l c u l a t e d Found 
c 40.26 39.5 
H 3.8 4.5 
N 3.35 2.9 
P 7.43 7.48 
C I 4 2 . 4 41.6 
6 5 
(137) —1 The i n f r a r e d spectrum 'showed a broad a b s o r p t i o n band a t 6 5 6 cm t 
cor responding to B6-1. , 
- 4. 
These r e s u l t s i n d i c a t e t h a t the i n i t i a l r e a c t i o n i s : ~ 
Ph 0 PCl + NT.ie0Cl , Ph-PClKUe* C l " . 
and the r e a c t i o n w i t h boron t r i c h l o r i d e i s : -
[ P h 2 P C l K M e 2 ] + . C l + BC1 3 ^ (Ph 2 PCm<e 2 ] + . B C l ~ 
2„ The r e a c t i o n between phenyl d ich lorophosnhine and dimethylchloramine, . 
On t h e vacuum l i n e 0.0024 mol o f d imethy lch loramine was condensed 
a t -196°C i n t o a v e s s e l c o n t a i n i n g 0.0019 raol o f phenyl d ich lo rophosph ine 
which had been d i s s o l v e d i n 3 ml o f d r y pe t ro leum e the r i n the d r y box . 
The r e a c t i o n was kept a t -35°C f c r 20 hour s . 
The product was presumed t c be hygroscopic so the u sua l means o f 
mois ture and a i r e l i m i n a t i o n were f o l l o w e d . The product was a l lowed t o 
warm t o room temperature and a f t e r twen ty minut.es a change i n c o l o u r f r o m 
w h i t e t o greenish y e l l o w was no ted . 
The nmr spectrum showed a rr.ajor peak a t -72.6-ppm and. o ther minor 
peaks a t -66.2ppm, -35PP'« and at 202opm, (Figure 19a and 15a) , 
The vesse l was connected again t o the vacuum l i n e bu t the manometer 
showed no increase i n p ressure c 
This r e a c t i o n was repeated u s i n g 0.011 mol o f fctegKCl t o r eac t w i t h 
0.0020 mol o f PhPCi 2 d i s s o l v e d i n 2ml o f d r y pe t ro leum e t h e r . The 
m o d i f i e d nmr tube (F igure 5 ) . which con ta ined the r e a c t a n t s . was kept a t 
-35°C f o r seventeen hours, and the product was a l lowed t o warm t o room 
temperature f o r t h r e e minutes . Af t e rwards the v o l a t i l e s were pumped o f f „ 
The i n f r a r ed spectrum of the v o l a t i l e s showed t h a t they were pe t ro leum 
e . the r . The tube was cooled t o -1 96°C and. t h e nmr spectrum o f f i f t y 
scans w i t h th ree seconds de lay was r u n c The spectrum showed one sharp 
peak a t - l60ppm, cor responding t o the s t a r t i n g m e t e r i a l and another 
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b r o a d i s h peak a t -72.6ppm due to the p r o d u c t , (F igure l 6 a ) r . 
The r e a c t i o n between the above product and boron t r i c h l o r i d e „ 
The r e a c t i o n between d imethylchloramir ie and phenyld ich lorophoaphine 
was per formed u s i n g the same technique as above w i t h excess IfegKClo A 
moler r a t i o 1/1.003. PhFCl 2 /Tfe 2 NCl was found t o have reacted, . An excess 
o f boron t r i c h l o r i d e was d i s t i l l e d under vacuum i n t o the s tandard we igh t 
a n a l y s i s c e l l wh ich con ta ined the product a t - 9 5 ° C , and the c e l l v/as kept 
a t -95°C f o r f o u r hours . The conten ts o f the v e s s e l were a l lowed t o warm 
t o room temperature and the v o l a t i l e s were d i s t i l l e d o f f . The i n f r a r e d 
s p e c t r u r showed t h a t i t was boron t r i c h l o r i d e . The c e l l v/as weighed and 
i t was found t h a t there was an increase i n mass, bu t a f t e r about f o r t y 
minutes the product s t a r t e d t o decompose and change i n c o l o u r a t room 
temperature and the nmr spectrum showed (Figure 17a) one major peak a t 
-72 e fc ppm, and o the r minor peaks a t -65ppm, -41 ppm, -35<=4ppm and a t 
-25ppm. 
The i n f r a r ed showed a bread a b s o r p t i o n band a t 657 cm ' due t o 
K i r ( 1 3 7 ) . 
I t was proposed t h a t the c a t i o n i c species syn thes i sed above was 
QphPCl 2NMe 2~j + .Cl~e A second rou te t o t h i s c a t i o n was a t tempted v i a 
PhPClKMe 2„ 
The r e a c t i o n between FnFGlK!fe 0 and SbClq. 
iTisi-ds "fchs drv "box 0 .0!£ rr.o 1 of* ST^Cl v / s "oi.ps't'tsd. I n t o a i*ound. 
bot tomed f l a s k c o n t a i n i n g 15ml o f d r y pe t ro leum e t h e r 0 0.008 mol o f 
PhPGlKMeg (prepared as descr ibed i n Chapter Two) was d i s s o l v e d i n twen ty 
ml o f d r y pe t ro leum e the r and added to the s o l u t i o n o f SbCL,. drop by drop 
under and atmosphere o f d r } ' n i t r o g e n , and w i t h cont inuous shak ing . The 
produc t v/as p u r i f i e d by washing w i t h d r y pet roleum e the r i n s i d e the d r y 
box . The i n f r a r ed spectrum of the product (F igure 14b) (whereCsI 
p l a t e s p r o t e c t e d by polythene sheets were used) showed an a b s o r p t i o n 
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-1 - (143) band a t 337 cm which i s c h a r a c t e r i s t i c o f SbClg. " Another i n f r a 
r e d spectrum o f the product (where NaCl p l a t e s were used) i s shown i n 
F igu re 13b. The nmr spectrum showed one peak a t -74 ppm which was the 
same chemica l s h i f t as f o r t h e produc t o f the r e a c t i o n between PhFGl,, 
and IfegNCl ( the s l i g h t d i f f e r e n c e was due t o the d i f f e r e n c e i n the 
a n i o n ) . (F igure 18a) 
The r e a c t i o n i s : -
PhPClNKe2 + 2 SbCl^ ^hPCl^me^' . SbClg + SbCl^ 
and consequentyly the r e a c t i o n between PhPClg and Me^NCl i s : -
PnPCl 9 + MBgtJCl ^ j p h P C i 2 i # I e 2 J + . C l " 
and the f o r m a t i o n o f the t e t r a c h l o r o b o r a t e : -
[PhPCl 2NMe 2~| + . C l " + 3C1, ^ (phPCl 2 NMe 2 J + . BC1~ 
3• The r e a c t i o n between dimethylamino phey l chlorophosphine 
and d i m e t h y l ch lo ramine . 
I n s i d e the dry box 0.00L mol of PhPClNMe was s y r i n g e d i n t o a 
s tandard weigh t a n a l y s i s c e l l c o n t a i n i n g 3 m l . o f d r y pe t ro leum e t h e r . 
The con ten t s o f the vessel were degassed by u s i n g the vacuum l i n e 
technique, , 0,0075 mol o f d imethy lch lo ramine was d i s t i l l e d i n t o the 
ves se l and the r e a c t i o n was kept a t -35°C f o r e igh teen hou r s . The 
p roduc t was hygroscopic so "moisture e l i m i n a t i o n was c a r r i e d o u t . 
The contents o f the ves se l were a l lowed t o warm t o room 
temperature and the v o l a t i l e s were pumped o f f and found t o be 
pe t ro leum e t h e r by i n f r a r ed spect roscopy. The s o l i d product was 
pa le y e l l o w . 
P u r i f i c a t i o n o f the p r o d u c t . 
Par t o f the product was p u r i f i e d by washing w i t h 45ml . o f d r y 
pe t ro leum e the r and kept i n a vacuum d i s c a t o r f o r twen ty minutes . The 
o t h e r p a r t was used t o s tudy the nmr which showed two peaks, one a t 
-145 ppm cor responding t o the phosphorus s t a r t i n g m a t e r i a l and 
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another peak at --66.2ppm due t o the product o f the r e a c t i o n (F igu re 21a) 
The e lementa l a n a l y s i s r e s u l t s agreed w i t h the molecu la r f o r m u l a 
Ff lFGl (NMe 0 )_Cl . as shown i n t h e f o l l o w i n g t a b l e : 
1 
] The element 
i 
C a l c u l a t e d Found 
J "'• 
i 
C 
44.96 43.89 
H 6.36 7.07 
N 10.40 9.74 
P 11.61 11.50 
C I 26.56 26.98 
The i n f r a r ed spectrum, was as shown i n (F igu re 1 5 b ) . 
These r e s u l t s i n d i c a t e d t h a t the r e a c t i o n i s : -
Me2NPPhCl + Me 2NCl ^ [ [ ( M e ^ g P P h C l 3 + .. C l " . 
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The molecule o f phosphorus t r i c h l o r i d e d i d not undergo t h e r m a l 
o r e l e c t r o l y t i c d i s s o c i a t i o n under normal c o n d i t i o n , , I t s chemica l 
r e a c t i v i t y thus a rose , p r i m a r i l y , f r o m the s t rong p o l a r P-Cl bonds, 
s ince t h e e l e c t r o n e g a t i v i t y o f the.-phosphorus atom = 2*1 on P a u l i n g ' s 
scale w h i l e the e l e c t r o n e g a t i v i t y o f the c h l o r i n e atom, a c c o r d i n g t o 
the same scale was 3.C. This d i f f e r e n c e i n e l e c t r o n e g a t i v i t y l e t the 
e l e c t r o n i c c l o u d be s h i f t e d towards the c h l o r i n e atom v i a the 5* bond 
and caused p a r t i a l p o s i t i v e charge on the phosphorus atom and thus 
made i t prone t o n u c l e o p h i l i c a t t a c k , and a l lowed donor-acceptor 
r e a c t i o n s . 
The :-hemistry np dimethylchlorr—'jine i s ve ry c1'.versified, not 
o n l y because b o t h the n i t r o g e n and c h l o r i n e ac t as r e a c t i o n s i g h t s , 
bu t a l s o because of the d i f f e r e n t modes by which these f u n c t i o n a l i t i e s 
r e a c t . Examples o f the l a t t e r have been g iven i n the f i r s t chap te r . 
I t i s known t h a t the bond between K-Cl i n d ime thy lch lo ramins i s not 
s t rong* This might be exp la ined by the e l e c t r o n e g a t i v i t y o f b o t h the 
c h l o r i n e and the n i t r o g e n b e i n g equal acco rd ing t o the Pau l ing scale 
( 3 . 0 ) ; t h i s bond i s e a s i l y c leaved . 
I t was f o u n d t h a t the r e a c t i o n between phosphorus t r i c h l o r i d e and 
d ime thy lch lo ramine was q u i t e v i g o r o u s . The produc ts were I.^I'lPGl^"*". C I . 
hexachlorophosphate and d i m e t h y l amino d i ch lo rophosph ine 0 
A reasonable f i r s t s tep i n the r e a c t i o n o f phosphorus t r i c h l o r i d e 
w i t h d i m e t h y l chloramine might be an a d d i t i o n r e a c t i o n t o generate 
V:e^WCl^+. C l ~ . The r e a c t i o n was q u i t e f a s t , as a s o l i d p roduc t was 
n o t i c e d a f t e r t h r e e minutes a t - 3 5 ° C . Some Me^'fPCl* c a t i o n r eac t ed 
w i t h the excess o f phosphorus t r i c h l o r i d e f o r m i n g t h e 
t e t rach lorophosphonium c a t i o n fcl^. fkj^PCV^8-5 reduced t o d i m e t h y l 
amino d i c h l o r o p h o s p h i n e . The presence o f d i m e t h y l amino d i c h l o r o -
phosphine was shown by the nmr s ince a peak a t - l66ppm c lea r - ly showed 
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i t s presence as d i d the i n f r a red spectrum. The PC1.+ formed r eac t ed w i t h 
it-
c h l o r i d e ions f o r m i n g . hexachlorophosphate. The presence o f 
hexaohlorophcsphate was shown by nmr as a peak a t 298.2 ppm and by i t s 
i n f r a r ed spectrum. I t was t h e r e f o r e , proposed t h a t the r e a c t i o n 
between phosphorus t r i c h l o r i d e and d i m e t h y l chloramine proceeded i n 
t h r e e s t e p s : -
The f i r s t , which was f a s t and was an a d d i t i o n r e a c t i o n t o produce the 
phosphonium c h l o r i d e s a l t : -
Me 2NCl + PG1 3 ^ [Me 2?rPCl 3] + . C i " 
The second s tep was the o x i d a t i o n o f PCI., t o PC1.+ i n a slow r e a c t i o n : -
3 4 
[Me2NPCl£J+ + PHl^ slow Me 2 NPCl 2 + PCI* 
The t h i r d sta.ee was the nuc-leor-hi.lio r e a c t i o n between PCI ' and the 
ch lor id .e i o n s : -
PC1.+ + 2C1~ ^ ?Cl7. if -Q 
Thus the s t o i c h i o c i e t r y f o r the r e a c t i o n i s : 
4 PCI , + 3Me 0IvPCl 0 - 3 5 ° C . 2 | H s n N P C l z l + + PClT + C l " + Me„NFCl 0 
I n the r e a c t i o n between j ^ i ^ N P C l ^ , PCL~ , C l ~ J and HC1. i t was 
found t h a t no change had occurred on removing the hydrogen c h l o r i d e . 
This was c l e a r f r o m the l a c k o f change i n mass and the i n f r a r ed spectrum. 
This i m p l i e d t h a t i t was imposs ib le f o r the hydrogen c h l o r i d e t o c leave 
the N-P bond. I t has been suggested t h a t the P-N bond can be e a s i l y 
c leaved by the a c t i o n o f hydrogen h a l i d e s , and as an example o f t h i s , -
the r e a c t i o n between t r i s d i m e t h y l amino phosohins and hydrogen c h l o r i d e 
(-.16) 
t o g ive b i s d i m e t h y l amino chlorophosphine can be c o n s i d e r e d : -
(Me 2 N) P + 2HC1 ^ ( K e g N j g P C l + ( M e ^ J . C l . 
I t i s known t h a t (Me 2 N) ^P i s cons idered as a Lewis base and i t s 
b a s i c i t y was demonstrated by the s t a b i l i t y o f i t s borane adduct . The 
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c h a r a c t e r i s t i c f e a t u r e o f t h i s compound i s the presence o f a lone e lec t ron , 
p a i r which i s s i t u a t e d o:~. each o f the m u t u a l l y ad jacen t p r i n c i p a l atoms. 
A c c o r d i n g l y , Lev/is a c i d can a t t a c k e l e c t r o p h i l i c a i l y e i t h e r the 
phosphorus o r the n i t r o g e n atoms. In. t he case o f a species l i k e 
t he re i s no lone p a i r o f e l e c t r o n s on the phosphorus atom, but 
t h e r e i s a lone p a i r on the n i t r o g e n atom. The doner bonding power o f the 
n i t r o g e n atom i s weakened by the i n t e r a c t i o n o f i t s lone e l e c t r o n p a i r w i t h 
a 3d o r b i t a l o f the phosphorus atom 0 
The r e a c t i o n w i t h hydrogen c h l o r i d e was repeated but u s i n g 
boron t r i c h l o r i d e t o increase the a c i d i t y of the system. The r e s u l t s 
showed t h n t the bond between N-P was c l eaved . Tet rao ' - lorophosphoniun 
c a t i o n was fo rmed . The nmr spectrum o f the product (F igu re 5&) showed 
o n l y one peak a t -85.5ppni. The i n f r a r ed spectrum showed the presence 
o f PCI* , MegNHg , 3C1~ , bu t not PClg . 
An a t tempt was made t o prepare the compound [Me_r;-FCl,~ | + . C I 
by the c h l o r i n a t i o n o f d i m e t h y l amino d i c h l o r o phosohine w i t h c h l o r i n e 
and by b u b b l i n g c h l o r i n e i n t o a s o l u t i o n o f the phosphine i n dry-
pe t ro leum e t h e r . The product con ta ined two phosphorus compounds, as 
shown by the nmr i n F igure 3a , w i t h an i n t e g r a t i o n r a t i o o f 2 : 1 a t 
the p o s i t i o n s o f -61 .3 ppm and o f 298.2 ppm. The f i r s t peak 
+ _ 
corresponded t o Me^KPCl^ and the second one t o PClg . A t h i r d peak on 
the i n t e g r a t i o n r a t i o one corresponded t o the phosphorus reagent 
d i m e t h y l amino d i c h l o r o ohosphine a t - l 6 4 . 4 p p m « 
This i n d i c a t e d t h a t C ^ cleaves the bond between the n i t r o g e n 
and the phosphorus atom i n Me 2N-FCL 2 and thus produces M e ^ C l and 
which r eac t s t o g ive 2 Q.fegNPClj ] + + Cl"" + PClg + MejNPClg. 
The b r o m i n a t i o n o f d i m e t h y l amino dibromophosphine which has 
been r e p o r t e d generated d i m e t h y l amino phosphorus te t rabromidg. 
The r e a c t i o n between d i m e t h y l amino d i c h l o r o phoisphine _and 
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d i m e t h y l chlorani ine was a v igorous exothermic one* An a d d i t i o n compound 
was generated [ (Me^ j^PCl rQ ' ' ' o C I «. The nmr o f the product showed 
o n l y one peak a t - 2 7 . 5 ppm corresponding t o t e t r a coo rd ina t e phosphorus 
c a t i o n . 
Concerning t h i s r e a c t i o n i t was n o t i c e d t h a t the P-N bond i n the 
compound (Ue^t<)^PCl was l e f t i n t a c t . Thus the c h l o r a m i n & t i o n o f the 
phosphorus atom o f the d i m e t h y l amino d i c h l o r o phosphine produced the 
expected a d d i t i o n compound j^/^N^FCl^J h « C I .. 
I n t he r e a c t i o n between b i s ( d i m e t h y l amino) ch lorophosphi i ie and 
d i m e t h y l c h l o r a m i n e , c h l o r a m i n a t i o n t o o k place a t t h e phosphorus atom 
genera t ing the a d d i t i o n product j (Me 2 N)^FCl}* . C I . The nmr o f the 
product showed one peak a t - 5 3 . 3 ppm wh ich corresponded t o the phosphorus 
atom i n j^Me^O^PClJ* c a t i o n , and as mentioned b e f o r e , the e lementa l 
a n a l y s i s and the i n f r a r ed spectrum agreed w i t h the f o r m u l a t i o n . The 
nmr o f the h y d r o l y s i s product o f the compound showed one peak a t - 2 5 . 7 ppra 
cor rescondin t : t o ( ? . I e o N ) 7 P 0 c 
The r e a c t i o n between t r i s ( d i m e t h y l amino) phosphine and d i m e t h y l 
chloramine d i d not produce the expected a d d i t i o n p r o d u c t , t he t e t r a k i s 
(d imethy lamino) chlorophosphonium i o n . The product was | ( l ' e 2 N ) , P C l ^ + C I 
and t e t r a methy l hyd raz ine . I t was c l e a r t h a t the bond between n i t r o g e n 
and c h l o r i n e i n d i m e t h y l chloramine was c l e a v e d , and as a r e s u l t o f t h i s , 
double c h l o r i n a t i o n t o o k place a t the phosphorus atom t o produce 
(.Me 0N),PCl + C l ~ . The amina t ion d i d not take o lace a t the 
phosphorus atom, presumably because o f s t e r i c hinderance* The a t t a c k 
on the phosnhorus by the c h l o r i n e o f d i m e t h y l chloramine produced a 
nega t ive p o l a r i t y on the n i t r o g e n atom. This c o u l d then a t t a c k a second 
d i m e t h y l ch lc ramine molecule t o g ive t e t r a methyl hydraz ine and 
c h l o r i d e i o n : -
(Me 2 N) 3 P + 2 Me ?NCl ^ | ( M e 2 N ) 3 P C l ] + . C I + Me2N-NMe2 
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The f o l l o w i n g are chemical equations f o r the r e a c t i o n s performed 
1 . 4- PGl^ + 3 ifegKCl > 2 [ j^NPC^]* + FC1~ + C l ~ + IfagNPClg 
2 . Me 2 NPCl 2 + C l 2 Fast - t ^ K C l ^ FG1 3 > 2[m^PCl^PCh 
r i , - *C1 + Me3tipCl2 
3. 2 jMe 2NFCl J + PClg + C I HC1 ^ no r e a c t i o n 
4 c [ 2 f e 2 t f f c l ] + PClg + C l ~ ] + 5 BGl^ + 4 HC1 ^ 2 JfegNHg + . B C 1 ~ + 
3 PCI. + . BCl7 
5o Me 2KCl + He 2 NPCl 2 ^ ^ K e g N ^ P C l J + . C l ~ 
6 . Me 2KCl + ( M e 2 N ) 2 PCI ^ ^ f e ^ ^ P C l ] * , C l " 
7 c Me 2NCl + (Me 2 N) 3 P ^ ^Ue^-) •pCl'J*'. C l " + M e ^ N M 
•'Rie2 
Diraethylchlorani ine reac ted i n d i f f e r e n t ways w i t h t r i p h e n y l phosphite 
and t r i m e t h y l phosph i t e , an a d d i t i o n compound was formed by the r e a c t i o n 
between cf imethylchioramine and t r i p h e n y l p h o s p i t e : -
( C 6 K 5 0 ) 3 P + M e 2 K l ^ ( C 6 H 5 0 ) 3 PNI!e 2Cl 
I t i s obvious t h a t c h l o r a m i n a t i o n t o o k p lace a t t he phosphorus atom. 
The r e a c t i o n o f d i i r .e thylchloramine w i t h t r i m e t h y l phosphi te produced a 
cova len t phosphorus compound w i t h lo s s o f methy l c h l o r i d e : -
(MeO)jP + ffegNCl ^ Me 2NP0(0Jfe) 2 + MbCI. 
I t i s l i k e l y t h a t the r e a c t i o n between t r i m e t h y l phosphi te and d i m e t h y l 
chloramine passes th rough an in t e rmed ia t e compound ijRO^P.NWe,, '^*. C l e 
This i s f o l l o w e d by the c h l o r i d e i o n a t t a c k i n g the 0-C bond i n S|^ 2 
r e a c t i o n s ince Me 2KP0(0Me) 2 i s a good l e a v i n g g roup 0 
CMe H 
.ItepN - P - 0 - C - H . C 1 
CKe H 
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This was s i m i l a r t o the r e a c t i o n between CN, - C I and OH t o 
j 
' generate CH^OH by r e a c t i o n . 
I n t h e case o f the reaction_.between d i m e t h y l chloramine and 
t r i p h e n y l phosphi te the product was : -
Me 2 NP(0Ph) 3 . C I 
The c h l o r i n e an ion cannot e a s i l y a t t a c k the bond between the benzene 
r i n g and the oxygen atom. The pheny l d e r i v a t i v e s are known t o be 
u n r e a c t i v e towards nuc l eophe l i c r e a c t i o n s such a s : -
OK 
4- C I No s u b s t i t u t i o n r e a c t i o n ^ 
The r e a c t i o n between d i p h e n y l chlorophosphine and d i m e t h y l 
chloramine generated an uns tab le product which v/as shown by the change 
i n the i n t e n s i t y and i n the number o f peaks i n t h e nmr spectrum 
(F igu re 1 2 a } , where the major peak i s a t -7-0.O,/^""" The product 
changed i n c o l o u r ' f r o m w h i t e t o y e l l o v / i s h w h i t e , f r o m y e l l o w i s h w h i t e 
t o y e l l o w , and f r o m ve l low t o a b r o w n i s h - c o l o u r . The i n f r a r e d spectrum 
showed a v e r y broad undef ined band. This r e a c t i o n was repeated and the 
p roduc t was kept a t - 1 % C. A qu ick scan on the nmr machine showed one 
peak a t -70.0ppm cor responding to the p r o d u c t , and another one a t -82ppm 
due t o the s t a r t i n g m a t e r i a l (F igure 13a) . 
Since i t v/as found t o be imposs ib le t o run a good i n f r a r ed 
spectrum or t o achieve the e lementa l a n a l y s i s , an a t tempt v/as made t o 
make the product o f the r e a c t i o n between Meg-T^Cl and d i p h e n y l 
ch lorophosphine r eac t w i t h boron t r i c h l o r i d e as a Lewis a c i d . The 
p roduc t o f t h i s r e a c t i o n v/as s t ab l e and the nmr spectrum showed one 
peak a t 7 l .8ppm, (F igure 14a); the s l i g h t d i f f e r e n c e i n the chemica l 
s h i f t v/as due t o the d i f f e r e n c e i n the a n i o n . The i n f r a r ed spectrum 
—1 
showed an a b s o r p t i o n band a t 6 5 6 . cm (Figure 12b) cor responding t o 
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„ ( 1 3 7 ) 
BCl^ . The e lementa l ana lys i s was c o n s l s t a n t w i t h the molecular 
+ _ 
f o r m u l a Ph 2PClNMe 2 . B C l ^ . The evidence i n d i c a t e d t h a t the produc t 
o f the r e a c t i o n between d ime thy l chloramine and d i p h e n y l chlorophosphine 
i s |ph 2 PGlMv'e 2 j *" 71 and t h a t the r e a c t i o n was an a d d i t i o n one by 
c h l o r a m i n a t i o n onto the phosphorus atom„ 
The r e a c t i o n between phenyl d iohlorophosnhine and 
d ime thy lch lo ramine produced a product which decomposed a t room tempera tur 
The nmr spect rum, (F igure 15a) showed a peak a t -159ppm cor responding 
t o the s t a r t i n g m a t e r i a l . (One at -72.5ppo, a minor one a t -66.2ppra, 
and one a t -35«5?P-n. ) When t h i s r e a c t i o n was repeated aga in w i t h the 
product kept a t -196°C, the nmr spectroscopy was opera ted f o r a shor t 
t i m e . I t showed two peaks (F igure 1oa ) , one a t - l5 lppm cor responding 
t o the phosphorus s t a r t i n g m a t e r i a l , P h F D l 2 , s.nd another broad one 
(a t -72.6ppm) due t o the p roduc t . A g a i n , as i n the case o f the produc t 
o f t he r e a c t i o n between Fh 0 FCl and !,ie 0NCl, i t was imposs ib le t o o b t a i n 
and good e lementa l a n a l y s i s o r an i n f r a r ed spectrum, When t h i s product 
was r eac t ed w i t h boron t r i c h l o r i d e i t was n o t i c e d t o be u n s t a b l e . The 
nrar (F igure 17a) showed one major broad peak a t -7'2.Sppn and o the r minor 
ones a t : - -66.2ppm, -Vlppm, -35.4ppm and -25pprac The i n f r a r ed o f t h i s 
compound, (F igure 12b) showed a broad a b s o r p t i o n band i n the r e g i o n 
between 700 - 650cm 1 c o r r e s p o n d i n « t o BCl7. 
4 
As a second rou te t o t h i s c a t i o n d i m e t h y l amino phenyl 
chlorophosphine w a s prepared and the nmr opectrum (Figure 20a) 
showed t h a t i t was pure by produc ing one peak a t -141.8ppm. 
Uimethylamino pheny l chlorophosphine was r eac t ed w i t h SbClj. as a s t r o n g 
Lev/is a c i d and as a c h l o r i n a t i n g agent , s i m i l a r t o r e a c t i o n s performed 
by R u f f and h i s c o l l e a g u e s . Since t h i s r e a c t i o n would be expected t o 
+ 
produce Pn 2 PC IgKTfe 2 . SbClg and SbCLj, i t v/as assumed t h a t the re wou ld be 
one peak i n the nmr spectrum which had the same c h e m i c a l . s h i f t o f the 
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cat i o n i c species r e s u l t i n g f r o m the r e a c t i o n between PhPGl 2 and MegNClt 
The p roduc t o f the r e a c t i o n between dimethy aminophenyl chlorophosphine 
(PhPClNMe 2) and Sb01„ which was s t u d i e d by the nmr technique and the 
spectrum (F igure 18a) showed one peak a t -74ppm0 The s l i g h t d i f f e r e n c e 
f r o m t h e chemical s h i f t o f the product o f MegNCl and PhPGlg was due t o 
the d i f f e r e n c e i n the a n i o n . The i n f r a r ed of the produc t (F igure 14a) . 
showed an a b s o r p t i o n peak at 337cm ^ , cor responding t o SbClg „ 
The r e a c t i o n between PhPClN!,!e0 and SbGl n i s : ~ 
PhPClMe 0 + 2SbCl c ^ FhPCl_NMe_. SbCl7 + SbCl , 
S:'Lnce the c a t i o n i c species o f t h i s product has the simo chemical s h i ' t 
as t h a t o f the r e a c t i o n between Ms 2NCl and PhPCl.-;} t h i s r e s u l t can be 
cons idered a s v n t h e t i c a l Droof t h a t the r e a c t i o n between PhPGl 0 and 
2 
Me 2KCl i s : -
PhPGl 2 + Me 2HCl ^ (PnFClgNKegY . C l " 
Here aga in the r e a c t i o n produced an a d d i t i o n compound where the phosphorus 
atom was chlorarninated by d i m e t h y l ch lo ramine . 
The decomposi t ion products o f Ph 0 FJLNWe„.Cl , and PhP01 o Nfte o .Cl 
showed q u i t e an i n t e r e s t i n g nmr spectrum. I t was f o u n d t h a t Ph 2 PClNMe 2 ,Cl 
decomposed a t room temperature and t h a t a f t e r f i v e days the nmr spectrum 
showed the f o l l o w i n g peaks: -
+ 
~70o0ppm due t o undecoraposed pa r t o f the compound (RigPClNTfe^ ,C1 , 
(145) 
-65ppm, cor responding t o the PhgPNMep which majr be generated, 
(\21 ^ 
-37ppm due t o t h e Ph 2 P0Cl v 
Two more peaks appeared, by v/arming the tube a t 1l8ppm and a t 128ppm 
which were thought t o be due t o the two i somer ic forms o f Ph 0PCl. . 
This may be formed by the c h l o r o n a t i o n o f the s t a r t i n g m a t e r i a l 
Ph^PDl by the c h l o r i n e which i s assumed t o be formed f r o m the— 2 J 
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decomposi t ion o f Ph ? ?NMe 2 Cl 2 t o Ph 2PNMe 2. I t was p r e d i c t e d t h a t 
(146) 
PhgPGl^, v/hich was not known , whould have lower chemica l s h i f t s than 
PhPCl c and t h a t the t rans i somer would have a lower s h i f t t han t h e c i s 
isomer. The nmr o f the decomposi t ion product o f P h P C l ^ f l f e j C l (F igu re 19&) 
showed the f o l l o w i n g peaks : -
-158ppra due t o the s t a r t i n g m a t e r i a l , 
-72.9PPE due t o the undecomposed p a r t o f the compound; 
-66 .2ppm cor responding t o QPhFClfNl feg)^ . 0 1 , which had "been 
prepared i n the l a b o r a t o r y , 
-35.5p?m, cor responding t o PhPOCl,^^"' ^ , a peak a t 202ppm, 
which corresponds t o FhPCl,. . 
I t ! s p o s s i b l e t h a t a se r ies o f r e a c t i o n s between phenyl d ieh lo rophosch ine 
and d ime thy lch lo ramine produced J"phPGl9M:''ep"j+eCl ; two molecules o f the 
produc t i n t e r a c t e d t o produce FhPCl,. and |ph?Cl(N?. 'e 9 ) 2 j + . 
The r e a c t i o n o f d i m e t h y l chloramine w i t h d imethy lamiophenyl 
ch lorophosphine was an a d d i t i o n r e a c t i o n and c h l o r a r a i n a t i o n t o o k p lace 
on the phosphorus atom and . { p h P C l ( M f e 2 ) ? j + . C l was generated as a s t a b l e 
compound. I t s nmr spectrum (F igure 21a) showed two peaks, one a t -145pp!!ij 
co r respond ing t o the s t a r t i n g m a t e r i a l , and the o t h e r one a t -6S 0 2ppm 
cor respond ing t o the p r o d u c t . 
Accord ing t o the p rev ious work done on the r e a c t i o n o f 
d i ras thy lch loramine and the t r i c o o r d i n a t e phosphines mentioned b e f o r e , 
i t was f o u n d t h a t d imethylchlora i r . ine reac ted as an o x i d a t i o n reagerrb i n 
d i f f e r e n t w a y s : -
1 . O x i d a t i o n by c h l o r a m i n a t i o n and c h l o r i n a t i o n : -
4 PClp + 3 IfepNCi ^ 2 Ke^NPCl* + PClg + C l " + lfegNFClg. 
2 . O x i d a t i o n by ch lo ra ra ina t ion o n l y . 
Th i s was the case w i t h dimethylamino d i c h l o r o p h o s o h i n e , b i s ( d i m e t h y l a m i n o ) 
ch lo rophosph ine , t r i - p h e n y l p h o s p h i t e , d i p h e n y l ch lo rophosph ine , pheny l 
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dich lorophosph ine and dimethylamino pheny lch lo rophosph ine : -
Me 2 HPCl 2 + Me 2HCl ^ [ ( t t s ^ ) ^ ! ^ . C l " . 
(Me 2 N) 2 PCl + Me 2NCl ^ ' f o e ^ ^ l l * . C l ~ 
(PhO) 3 ? + Me 2KGl ^ | (PhO) 3 PI ' I l fe 2 ] + .Cl"" 
Ph 2 PGl + l te 9 NCl ^ f P h 2 F C l N M e 2 ] + . C l ~ 
PhPCl 2 + Me 2NGl (PhPClgNMe,]4". G 1 ~ 
Fh?ClNMe2 + Me^iGl ^ |j?hrci (NMs 2 ) 2 J \ C l " 
3c O x i d a t i o n by a m i n a t i o n : - ^ 
// 
(MeO) 3P + Me ?NCl ^ Ke ? N - P - (OKe) 2 + MeCl. 
4 . O x i d a t i o n by c h l o r o n a t i o n o n l y : -
(Me 0 N) 3 P + 2 Me^KCl ^ [ ( i f e g N ^ P C l } 1 " C l " + Me pN-NMe 2 
I t was f o u n d t h a t K""-! was not able t o a t t a c k the N-P bond i n the 
mix tu re (2 kfegN-PCl* , PClg , C l " ) . This " c o n t r a d i c t e d the g e n e r a l l y 
known b e l i e f t h a t hydrohalogen has the a b i l i t y t o c leave the bond between 
P-N. An i n t e r e s t i n g r e s u l t v/as t h a t MegNPClg, on c h l o r i n a t i o n , does 
not produce the expected a d d i t i o n produc t w h i l s t (MegN^P , on 
c h l o r i n a t i o n and Me 2 KPBr 2 , on c h l o r i n a t i o n does. I t i s i n t e r e s t i n g t o 
suggest f u r t h e r work i n t h i s f i e l d by r e a c t i n g d ich loromethylamine w i t h 
j-1 _ -• — _ . . : _ .i _ o j —,^1 ^.Lt^n^u^Mnn 
om; y i c v i u u S v a i ' x c o y u : i , r j . i ; u u r u i i i a u i : pn-jo t i n j i i c o . 
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